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Problem: Chrysler Corp., Dodge Division, new uni- 
tized body assembly lines required linkage of three 
variable-speed, continuous motion conveyors—stub 
frame overhead, main assembly pedestal and final 
assembly flattop. At transfer point, shown above, pin 
in conveyor must match hole in frame with no 
cumulative error. 

Solution: U.S. Varmyne a/c Drive System with 
LinkSync control. Chrysler engineers working with 
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U.S. Motors field engineers chose VARIDYNE over a 
d.c. system because: initial start-up is simplified; 
instantly synchronous without warm-up; needs no 
synchronizing readjustments; there is no cumulative 
error; and maximum reliability is assured by use of 
standard a.c. motors. Variwyne varies the frequency 
of a.c. current to these motors, converting them to 
adjustable speeds. Write today for Vanwyne Bro- 
chure F-1963. 


U.S. ELECTRICAL MOTORS INC. 


P. O. Box 2058, Los Angeles, California or Milford, Connecticut 
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DELCO RADIO —THE LEADER 
IN POWER TRANSISTORS 


' For top performance in a wide, wide range of applications, specify Delco Radio's 


2N174, @ This multi-purpose PNP germanium transistor is designed for general use with 28-volt power 
supplies, and for use with 12-volt power supplies where high reliability is desired despite the presence of 
voltage transients. @ It has a high maximum emitter current of 15 amperes, a maximum collector diode 
rating of 80 volts and a thermal resistance below .8°C per watt. The maximum power dissipation at 71°C 
mounting base temperature is 30 watts. Low saturation resistance gives high efficiency in switching operations. 
@ The 2N174 is versatile, rugged, reliable, stable and low priced. For more details or applications assistance on the 
2N174 or other highly reliable Delco transistors, contact your nearest Delco Radio sales office. LLCO 
Newark, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan 
1180 Raymond Bivd. 726 Sania Monica Bivd. 5750 West 51st Street 57 Harper Avenue D | O 
Mitchell 2-6165 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 r 
Division of General Motors - Kokomo, indiana " 
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... these 
distributors 


carry a broad line of 
BODINE 1/6 to .... 
1/2000 horsepower 
MOTORS IN STOCK! 
.-for over-the-counter 


delivery 


Your Bodine Distributor carries a well-rounded line of the more popular reducer and 
non-reducer motors... in the types, sizes, and ratings normally used by industry in 
your area. These motors are in stock, on the shelves, immediately available. Call 
your Bodine Distributor today. 


BOSTON 9, Mass. 
Electro Sales Co., Inc. 
50 Eastern Avenue 
CApital 7-3456 


CAMBRIDGE 39, Mass. 
Empire Electrical Company 
6 Portiand Street 

Kirkland 7-6680 


CHICAGO 8, Ill. 
Excell Electric Service Co. 
2113-25 S. Western Ave. 
Virginia 7-7220 


CLEVELAND 15, Ohio 
Reserve Electric Company 
2090 East 19th Street 
PRospect 1-5764 


DALLAS 7, Texas 


Bearing Chain & Supply Co. 


1505 Wycliff Ave. 
Riverside 2-8626 


DENVER 2, Colorado 
Weaver Electric Company 
1721-27 Larimer Street 
ALpine 5-5481 


DETROIT 7, Mich. 
Howard Electric Company 
4801 Bellevue Avenue 
WAinut 3-0430 


KANSAS CITY 6, Missouri 
Triangle Equipment Co 
1416 Grand Avenue 
HArrison 1-6061 


LOS ANGELES 17, Calif. 
Andrews Hardware & Metal Co. 
1610 W. 7th St. at Union 
DUnkirk 1-3311 


LOS ANGELES 13, Calif. 
Minarik Electric Company 
224 East Third Street 
MAdison 4-3161 


MILWAUKEE 2, Wisc. 
Trester Service Electric Co. 
235 East Ogden Avenue 
BRoadway 1-1662 


MINNEAPOLIS 1, Minn 
Boustead Electric & Mfg. Co., Inc. 
109-11 Washington Ave., North 
FEderal 9-8831 


NEW YORK 12, New York 
B & B Motor & Control Corp. 
206 Lafayette Street 

WOrth 6-5777 


PHILADELPHIA 7, Penn. 
Jos. T. Fewkes & Company 
129 North 12th Street 
WAinut 3-4131 


PITTSBURGH 1, Penn. 
Braunlich-Roessie Co. 
3117-3127 Penn Avenue 
GRant 1-6995 


PORTLAND, Oregon 
Woodbury & Company 
Swan Isiand 

BUtier 5-4611 


ROCHESTER 4, New York 
T.H. Green Electric Company 
27-33 N. Water Street 
HAmilton 6-9840 


SAN LEANDRO, Calif 
Republic Supply Co. of Calif. 
1919 Williams Street 

Elgin 7-2211 


CANADA—Renold Chains Canada Ltd. 
Offices in Clarkson, London, Montreal, Quebec, 
Three Rivers, Vancouver and Winnipeg 


Over 3500 standard built-to-order motors. 


See your Bodine representative. Write for FREE Copy! 


STOCK MOTOR bulletin ... 12 pages of 
photos, cut-aways, drawings, tables, and 
charts describe 300 different Bodine Motors, 
1/6 to 1/2000 hp most of which are 
carried in stock by your Bodine Distributor 
Ask him for a copy of Bulletin ‘’S-2," or 
consult your Sweet's Product Design file 


Bodine Motors are close-tolerance- 
machined. This means trouble-free 


operation .. . long life . . . low reject = ee wy ‘> Sa 
Sincuitingial 


rates. The end result: a better motor, Ictiono 
at a lower cost. Call your Bodine Dis- heel hes 


tributor today. Bodine Electric Co., avs co a om =) Ss 


2506 West Bradley Place, Chicago 18, 
Illinois. 
pBODINE) 
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{idvertisement 


Broadness of Sprague’s Line 
of Precision Toroidal Inductors _ Electro-Technology 
Offers Standard Units 
for Practically Every Application 


ESIGNED FOR USE in com- 

mercial, industrial, and military 
apparatus, Sprague Precision Toroid- 
al Inductors are customarily sup- 
plied to the close inductance toler- 
ance of +1%. The broad line of 
Sprague Precision Toroidal Induc- 
tors includes such styles as open 
coil, plastic-dipped, rigid encapsu- 
lated inductors with tapped or 
through-hole mounting, and hermet- 
ically-sealed inductors. 

All styles, with the exception of 
the open coil type construction, meet 
the appropriate requirements of 
Military Specification MIL-T-27A. 

Sprague Precision Inductors are 
manufactured in modern plants 
which are equipped with the most 
up-to-date facilities for winding, 
processing, and testing the cores. 
Production instruments used in the 
manufacture of Sprague inductors 
are calibrated periodically to assure 
desired levels of accuracy. Quality 
control and inspection departments, 
which function independently of 
each other, maintain close surveil- 
lance over all production operations. 

Several core permeabilities may 
be obtained in each of the five basic 
sizes of Sprague inductors to give 
the circuit designer the optimum 
selection of desired Q and current 
carrying abilities. Further, each of 
the core sizes is available with sev- 


4 


eral degrees of stabilization. In- 
ductors made with cores which have 
not been subjected to the stabiliza- 
tion process exhibit low inductance 


drift with time and have a low tem- | 


perature coefficient of inductance. 
Where a greater degree of perma- 
nence of characteristics is required, 
cores with two different stabilization 
treatments can be used for most 
types of inductors. 

All standard inductors by Sprague 
may be operated over the tempera- 
ture range of —55 C to +125 C. 
Temperature cycling of finished in- 
ductors is a standard production 
procedure in order to equalize in- 
ternal stresses and insure perma- 
nence of electrical characteristics. 


In those cases where the extensive | 
line of Sprague standard inductors | 


is unsuitable for a particular applica- 
tion, the Special Products Division 
of the Sprague Electric Company 


will be glad to work with you to | 


custom-tailor designs to meet specific 
customer requirements. 

For detailed information on stand- 
ard ratings, package sizes, Q, current 
carrying abilities, properties, etc., 
write on company letterhead for 
portfolio of engineering data sheets 
on precision toroidal inductors to 
Technical Literature Section, Sprague 
Electric Company, 307 Marshall 
Street, North Adams, Massachusetts, 
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* Static Magnetic Frequency 
Multipliers 


Operating principles of saturating magnetic frequency multi- 
pliers are outlined. Circuits and performance characteristics of 
the principal forms of multiplier are depicted and compared. 


G. M. Bell, General Electric Co., Ft. Wayne, Ind 


Electro-Technology 1960 November p 94 9 pp 


Science ond Engineering 


Your Classitication: 
Physics 


*% Electrical Noise 


Electrical noise is inherent in every electrical circuit. Often 
its presence is not of importance, but in the highly accurate 
systems of today, where precision depends on the use of ex- 
tremely small signals, it can be extremely troublesome. Thi« 
article describes the sources and nature of electrical noise and 
provides ways of detecting and minimizing it 


J. J. Freeman, Vitro Laboratories, Silver Spring, Md 


Electro-Technology 1960 November p 125 20 pp 


Computing Mochines 
n 
Application 


Your Classification 


%* Analog Computation and 
Analog Machines 


Analog machines are devices that measure analogous relation 
ships. Principles of operation and various functional compo- 
nents are described, together with a survey of typical machines 
on the market presented in tabular form, applications for the 
design engineer, the role of analog machines in control systems, 
and an examination of hybrid systems. 


A. M. Hilton, Associate Editor, Ececrno-Tecunoiocy 


Electro-Technology 1960 November p 166 10 pp 


in this issue 


Your Classification: 


Magnetic Recording Bandwidth 
Increased Sixteen-Fold 


The physical principles of magnetic recording are detailed in 
relation to the limitations and problems of conventional recorder 
design. The use of frequency modulation and transverse record. 
ing resulted in a new recorder offering wide frequency range 
and other advantages. 


r. W. Barger, Ampex Corp., Redwood City, Calif. 


Electro-Technology 1960 November p 103 4 pp 


Your Classification: 


Electrical 


“Special” Motors: 
Torque and Multipolar 


The design peculiarities of significance in the application of 
torque and multipolar motors are prevented. Torque motors are 
adapted to operate stalled and at low speeds without overheat 
ing, for constant-tension drives, whereas multipolar motors offer 
inherent low speeds without gears 


S. Noodleman, The B. A. Wesche Electric Co., Cincinnati, Ohio 
Electro-Technolog» 


1960 November p 145 4 pp 


Components, Electrical / Electronic 
Magnetic Components 


Your Clessificetion: 


Determining Power-Transformer 
Stack Height 


Convenient methods are presented for rapid trandormer design 
by depicting key variables in terms of given lamination di 
mensions 


A. FE. Ho hstein, The Strong Electric Corp., Toledo, Ohio 


Electro-Technology 1960 November p 176 112 pp 
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© Quick interpretations of feature-article content 


¢ Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


¥& Reprints available—see pages 206 and 210 


For your copy of the ELECTRO-TECHNOLOCY Subject Classification for Indexing, circle Number 938 on postcard at end of book. 


Your Clessification: 
Systems ond Servos 


Radar Fundamentals 


Elements of the basic system for spotting airborne objects are 
described, and by means of a model radar set, the effects of 
such parameters as frequency, pulse width and repetition fre 
quency, bandwidth of receiver and antenna beamwidth are 
evaluated, particularly with respect to range. Use of doppler 
effect and moving-target indicators described, also beacons. 
Principles of tracking radar. 


I. Ritow, Airborne Instruments Lab. Div., Cutler-Hammer Inc., 
Deer Park, N. Y. 


Electro-Technology 1960 November p 107 12 pp 


Your Clessification: 
Case Histories 


Analysis of Numerical Control Systems 


Functional breakdown of three-dozen NC systems displayed at 
the Machine Tool Exposition — 1960 and at the Production 
Engineering Show, both held in Chicago in September. Choice 
of components to perform common functions is analyzed 
data input, storage, conversion and COMparison, power servos, 
position feedback — as observed on 60 machine tool applica 
trons 


h J Oliver, Editor, ELectro- TecnNoiocy 


Electro-Technology 1960 November p 149 12 pp 


Components, Electrical Electronic 


Your Classification: 
Contect bevices 


Permanent-Magnet Relay Uses 
No Springs 


Printed-circuit contacts are combined with a magnetic struc- 
ture in which bias of the armature is obtained by the use of 
a permanent magnet instead of a spring in a new relay. Design 
details and relay ratings are given 


Staff Report. 


Electro-Technology 1960 November p 180 1 p 
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Materials, Electrical /Electronic Your Classification: 


Electrical Insulation and Dielectrics 


% Variability in Functional Aging 
Of Mylar Polyester Film for 
Hermetic Motor Applications 


Application of Mylar polyester film as slot insulation in her- 
metic motor systems required the determination of potential 
batch-to-batch variability in commercial grades of this material. 
This report discusses the results of both classical tests and func- 
tional aging tests and describes special test methods. 


L. S. Lazar and W. V. Olszewski, General Engineering Labo- 
ratory, General Electric Co., Schenectady, N. Y. 


Electro-Technology 1960 November p 119 5 pp 


Semiconductor Electronics 
2— Junction Diodes 


This second portion of a six-part series applies the principles 
of solid-state physics to the operation and application of diodes, 
the simplest of semiconductor devices. The characteristic equa- 
tion is developed and its practical use in design is demon- 
strated. A special section on Zener diodes is included. 


A. A. Sorensen, Space Technology Laboratories, Inc., Los 


Angeles, Calif. 


Electro-Technology 1960 November p 161 5 pp 


COMING UP... 


The December issue of Evectro-TecuNo.ocy, timed to the 
National Conference on the Application of Electrical Insulation 
in Chicago December 5-8, will carry a special 52-page editorial 
supplement on electrical insulation. Also in this issue, the 
Science & Engineering article will be on the subject of Elee- 
trical Insulation Deterioration. There will be further articles 
of general interest on: Dry Lubricants, Part 3 in the series on 
Semiconductor Electronics—Junction Transistors, Relay 
Stability, a survey of Power Transistors, Force-Reflecting 
Servo, Rectiflow Drive, Bessel Functions (Part 1), and 


Extrapolation Techniques in Magnetic Circuit Analysis. 





ASCO Close-Differential Relays provide dependable, low-cost 


protection from under and over voltage. 


When a motor runs on low voltage for an extended period of time, burnout and 
fire may result. This can be costly in both down-time and damage to equipment. 


You can protect your motors with ASCO Close-Differential Relays. They offer 
economical, dependable protection even when motor feedback conditions prevent 
ordinary potential relays from detecting changes in voltage. ASCO Close- 
Differential Relays respond to a 2% variation in voltage; protect motors when 
low voltage or over voltage conditions occur. 


Because they combine sensitivity with rugged construction, ASCO Relays are 
providing low-cost protection in a wide variety of applications. 


For example, in some oil burner installations, ASCO Relays help prevent explo- 
sions due to under voltage. In these installations, when under voltage occurs, 
ASCO Relays prevent oil build-up in the pit by detecting this low voltage condi- 
tion, and causing oil flow to be cut off immediately. Otherwise on under voltage 
the oil would build-up in the pit since the ignition system would not fire. This ASCO Close-Differential A-C Relay operates 
excess oil could result in an explosion when voltage is restored and the ignition on 2% variation in voltage—features positive 
system fires. action, quiet operation, power relay type contacts 


Find out how the ASCO Close-Differential Relay can protect your equipment. 
Send for Catalog 57-S4 describing the complete line of ASCO Relays. 


Dependable control by ASCO is available from representatives and distributors 
in all principal cities. 


ASCO Electromagnetic Control 


Automatic Switth CO. 50-M HANOVER RD. FLORHAM PARK. N. J.. FRONTIER 7-4600 


AUTOMAT TRANSFER Sw HES « SOLENC VALVES « ELE 


TROMAGNET NTR 
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RESEARCH Horizons 


Edited by Avex. E. Javirz, Special Features Editor 


Behavior of Materials under Cryogenic 
Environments Reviewed at 1960 Cryogenic 
Engineering Conference 


Four-DAY PROGRAM of the 1960 An- 
nual Cryogenic Confer 
ence, held August 22-25. inclusive, at 


Boulder, 


Engineering 


Colorado, under the joint 


sponsorship of the National Bureau of 
Standards Boulder Laboratories and 
the University of Colorado College of 
Engineering, included an appreciable 


Cryogenic Systems for Cooling Infrared Detection Cells 


G. C. Haettinger, R. P 
R. A. Trentham 

Linpe Company, Division o+ 
Carnsipe CornPporaTION 


Skinner and 


LNION 


The performance of infrared dete 
tion cells is often greatly improved by 
cooling them to cryogenic tempera 
tures. There has recently been con 
siderable development activity on new 
methods and equipment for this pur 
pose. Current designs being explored 
are based on use of high-pressure gas 


cryostats, expansion engines, thermo- 
electric devices, and cryogenic liquid 
refill systems. 

Three types of liquid refill systems 
have been developed: 


1. The infrared cell is mounted integrally 
within the vacuum space of a cryo 
genic liquid dewar. 

2. Cryogenic liquid is transferred from a 
remotely located storage unit through 
a specially designed line to a small 
cooling unit in which the infrared cell 
is mounted 


number of papers that dealt specific- 
ally with the behavior of various ma- 
terials, and some components and de- 
vices, under cryogenic environments. 

Summaries of selected papers given 
here cover investigations of cryogeni 
motors, bearing lubricants, static seals, 
fluorinated plastics, and both ferrous 
and nonferrous metals. 


3. Cryogenic liquid is converted to a 
high-pressure, highly pure gas which 
feeds a cryostat that cools the cell. 


High cooling efficiency and system 
reliability have been obtained. Liquid 
nitrogen, argon, neon, hydrogen and 
helium may be used in liquid refill 
systems. Each method is designed to 
certain advantages. The 
selection of any one system and cryo- 
genic liquid is determined by the spe- 
cific application or mission. 


incorporate 


» Mechanical Properties of Austenitic Stainless Steels at Temperatures down to 20 K 


C. J. Guntner and R. P. Reed 

CEL Nationa Bureau or STANDARDS 
Some mechanical properties were 

determined for four austenitic stain 

less steels at temperatures ranging 

from 300 to 20 K. These four alloys 

were AISI 202, AISI 304, AM 350 


and USS Tenelon. Values were ob- 


tained for vield strength, tensile elonga- 
tion, ultimate tensile and notch-tensile 
strength (for AISI 304 only) and im- 
pact energy from tensile, notch-tensile, 
and impact tests. Relative amounts of 
strain-induced martensite in the tested 
specimens were determined in terms 


of magnetic measurements for each 


Bearing Lubrication at Low Temperatures 


D. H. Tantam and R. Hargreaves 
Bririsn Oxycen Researcn ano 
Devecorpment Lp. 


Where conventional lubricants can 
not be applied for reasons of incom- 
patibility with the working fluid at 
operational conditions of temperature 
and pressure, it has been found neces- 
sary to develop alternative methods; 
“dry lubrication” using solid lubricants 
has been adopted for cryogenic appli- 
cations. 


Under these boundary lubricating 
conditions, the following criteria are 
the most important in determining the 
most successful combination of com- 
ponent design, constructional materials 
and lubricant: 

a. wear rate under operation conditions 

b. wear rate at start-up or shut-down 

c. damage to components on lubricant 

failure 

d. initial and running costs. 

The investigation covers both bush- 


ing and shaft material composition 


Low-Temperature Elastomer and Plastics Static Seals 


D. H. Weitzel, R. F. Robbins and 
G. R. Bopp 
CEL Nattonat Bureau oF STANDARDS 


Demountable high-vacuum or high 
pressure static seals for service at cryo 
genic temperatures can be made from 
common elastomers such as natural 
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rubber and Viton A (a fluoro-elasto- 
mer) as well as from high-strength 
plastics such as Mylar polyester film 
and nylon. Elastomers work well in 
the form of simple O-rings, while plas- 
tics are used in thin-sheet form. 
Flanges must be designed to com- 
plement the properties of the seal ma- 


alloy at each test temperature. Several 
unusual results were found; these in- 
cluded an impact transition in USS 
Tenelon and a decline in ultimate ten- 
sile strength at 20 K for the AM 350 
and AISI 202 alloys. Some relationships 
of the strain-induced martensite trans- 
formation and the mechanical prop- 
erties were developed. 


and design, including the effect of the 
lubricant in its association with me- 
tallic and non-metallic materials. Per- 
formance data are reported on carbon 
and reinforced carbon compositions, 
non-ferrous alloys and TFE-fluoro- 
carbon (Teflon) bearing materials in 
which Teflon may act as the load- 
carrying matrix or not. The results 
indicate that Teflon acting as a lubri- 
cant at low temperatures has good 
load-bearing properties and can be ap- 
plied to metallic components. 


terial. For O-rings, a tongue-and-groove 
flange design is utilized, while the 
plastics gaskets are compressed be- 
tween a flat surface and a machined 
ring of semicircular cross section. In 
both cases, final thickness of seal ma- 
terial must be small to minimize 
shrinkage, and localized compression 





RESEARCH 
Horizons 


must be high to build up the restoring 
forces within the seal material. It is 


possible to meet these requirements 
without excessively high flange load- 
ing. 

Seals utilizing these simple prin- 
ciples were tested with the aid of a 
mass-spectrometer-type helium leak de- 
tector. Two plastics and several elas- 


> Prediction of Fluoroplastics Behavior at Cryogenic Temperatures 


R. Mowers 
ROCKETDYNE 


\ simple hardness test was used to 
determine quickly and accurately the 


relative crystallinity of fluorinated plas- 


tics. A comparison of the relative 
values obtained with this method and 
with X-ray diffraction techniques was 
made. The results of physical and me- 
chanical property 
fluoroplastics at 

tures (—320 F) are correlated with 


measurements of 


cryogenic tempera- 


Fatigue Properties of Aluminum Alloy at 75 and 300 F 


F. BW. DeMoney and G. C. Wolfer 
Kaiser ALUMINUM AND CHEMICAL 
CORPORATION 


Mill production, 
nesium-manganese alloy 


aluminum-mag- 
5083-H113, 


%s-in. plate and welds made by com- 


mercial practices using the MIG proc- 
ess and 5183 filler wire, were tested 
at 75 and 300 F using apparatus espe- 
cially developed for fatigue tests. Sup- 
plementary tensile tests were made of 
the test materials at 75 and —300 F. 

Data were developed for all ma- 
terials at both test temperatures to a 


Small Superconducting Cryogenic Motors 


K. F. Schoch 

GENERAL ELectric COMPANY 
Recent development of supercon- 
ducting magnetic bearings of high-load 
characteristics has led to the design 


Research Note: 


MGNIFICANT INFORMATION on the transient 
pulse effects of nuclear radiation on elec- 
tronic systems and subsystems is still large 
ly in the security-restricted area. As op- 
posed to the steady-state effects of nuclear 
radiation (which have been relatively wide- 
ly reported in the literature) the transient 
effects are directly connected with the 
actual conditions of nuclear warfare. These 
effects are those that may be inflicted by 
a nuclear blast on airborne vehicles or 
ground installations. 

Preliminary to studies of transient effects 
on systems and subsystems, work has to be 
done on materials and components. Some 
of the results of such work were recently 
incorporated by John W. Clark and Thomas 
D. Hanscome, Nuclear Electronics Labora- 
tory, Hughes Aircraft Company, in their 
WESCON paper, “Transient Effects of 
Nuclear Radiation on Typical Electronic 
Subsystems.” The following summaries 
were made: 

e@ Resistors show transient changes in 
resistance (for pulses of 10° roentgens/sec) 
ranging from 1 per cent for some carbon 
composition units to as much as 20 per 
cent for some wire-wound types. Changes 
are attributed to two effects: leakage and 
current injection (current injection results 
from the ejection of electrons from the 


resistor by Compton and _ photoelectric 
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of small cryogenic motors which have 
essentially no internal 
either mechanical or electrical sources. 
The rotor, stator windings and mag- 
netic bearing coils are all made of 
material 


losses from 


superconducting Operation 


processes). Consequently, higher percent- 
age changes are expected (and observed) 
for higher resistance units 

a Capacitors are subject to dielectric 
leakage which appears to be equivalent to 
about 5 megohms. Capacitance changes 
greater than | per cent have not been 
observed 

@ Gas tubes are subject to ionization 
breakdown of the gas. If the tube is oper 
ated in discharge condition, it is unaffected. 
Switch operation can be made relatively 
invulnerable by increasing the holding bias 
by a suitable factor (typically a few volts) 
TR tubes are vulnerable in that they are 
disabled under certain conditions. The 
effect seems to depend on the time relation 
ship between radiation pulse and trans 
mitter pulse. 

@ Semiconductor diodes show changes 
in conductivity. The forward resistance is 
essentially unchanged under radiation rates 
currently available. The back resistance is 
decreased because of the increase in the 
number of carriers in the junction deple 
tion layer. This effect is proportional to 
the volume of the depletion layer. Typical 
ly, low-level diodes show reverse current 
pulses of 10-100 microamp and power di 
odes 1-10 milliamp [Godiva-type reactor 
(neutron flux) pulse and gamma linear 
accelerator pulse | 


tomers showed leaks smaller than 10° 
ce of helium per hr per inch of seal 
at 100 psi and 20 deg Kelvin. At this 
pressure and 76 K, the seals re- 
mained tight during an hour or more 
of vibration at frequencies from 30 
to 500 evcles per sec. 


the relative crystallinity of the ma- 
terials tested to demonstrate the ef- 
fectiveness of the room-temperature 
hardness test in predicting the me- 
chanical properties of the various ma 


terials at cryogenic temperatures. 


minimum of 10 million cycles at —-300 
F and 100 million at 75 F. In all cases, 
the fatigue properties of the materials 
tested were found to be significantly 
300 F than at 75 F. The 
notch effect of the weldment was found 
300 F than at 75 F. 


superior at 


to be less at 


can be obtained with the rotor operat- 
ing directly in liquid helium or in a 
high vacuum at motor temperatures 
near 4.2 K. Rotational speeds as high 
as 20,000 rpm have been obtained. 


O00 


Transient Effects of Nuclear Radiation 


o Transistors behave like diodes in the 
sense that the observed transient phenom 
ena can be attributed to conductivity 
changes. This change is normally expressed 
in terms of changes in the current gain 
factor 8 and the zero-bias collector current 
1... Experiments yield a very wide range 
of results. In general, however, § increases 
by 10 per cent or more in available radi 
ation intensities. Increases in /., of several 
hundred microamperes have been observed 

@ Coaxial cables are susceptible to two 
effects 
tering. Both effects are small, but become 
important in high-impedance and/or low 
level circuits. When no voltage is applied 
to a cable, the charge-scattering effect is 
observed as a pulse across the termination 
In a solid dielectric cable, the scattering of 
(from conduc 


internal leakage and charge scat 


charge into the dielectric 
tors) and out of the dielectric leaves the 
dielectric with a positive charge. In partial 
air dielectric cables, such as RG62/U, the 
effect is opposite in polarity. 

Internal leakage occurs as a result of 
ionization in and on the dielectric. In 
RG59/U this leakage is non-linear with the 
applied voltage. Since the leakage effect 
can be made to oppose the charge-scattering 
effect, the cable may be biased to minimize 
(if not cancel) the effect. Cancellation is 
an average over the pulse width and re- 
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sults in no net charge delivered to the 
termination. Fluctuations still appear which 
introduce noise into the termination. 


The incidence of transient radiation ef 
fects in circuits, it was emphasized by 
the authors, is certainly the result of 
transient radiation effects on the circuit 
electrical and mechanical components. The 
effect in circuit components in turn can be 


Note 


Research 


understood in terms of interactions of 
nuclear radiation with materials. Basic re- 
search is underway in many laboratories 
to study how radiation affects the physical 
properties of materials. Two premises un- 
derlie this research: (1) we should be 
able to compute the response of compon- 
ents in terms of basic phenomena in ma- 
terials; and (2) similarly, in principle we 
should be able to compute the circuit re- 


sponse, being given the effects in all the 
components. Circuit tests have in general 
supported these premises. Present accumu- 
lations of data on components, although 
not sufficient for definitive analysis, have 
encouraged attempts to compute circuit 
response directly in terms of components 
responses and thus predict circuit perform- 
ance under transient or pulse radiation 


stress 


The Screening Micrometer —a Research Tool in Small Movement Measurements 


\ vaniety of transducers has been devel 
oped to translate geometrical movements 
into electrical signals. Their very diversity 
shows that no one of them is a perfect tool 
for all applications. The new device de 
scribed here appears to demonstrate cet 
tain advantages in several directions over 
comparable instruments 

@ The new principle on which this de 
vice is based is to move an electrical screen 
between two coils wound on cylindrical 
cores, as illustrated in Fig. 1. Since one 
end of each coil’s magnetic core is open, 
much of the flux arising when one coil is 
excited with alternating current tends to 
spread out and pass through the other's 
core. This coupling, however, is not possi 
ble when an adequate conducting plate 
comes between the two coils, since the eddy 
currents set up in the latter give rise to a 
magnetic field that cancels the primary one 
Thus, as the edge of the screen moves 
acrows between the two coils, the coupling 
drops from a maximum to zero, giving a 
change in an electrical parameter in re 
sponse to a geometrical movement It is 
convenient to use a differential «vstem with 
two pairs of coils placed side by side, the 
screen having a suitable width so that its 
leading edge increasing|y screens one pair 
ut the same time as its trailing edge ex 
poses the coupling between the other pair 
In the symmetrical position, both pairs are 
then equally coupled, so that if their pri 
maries carry identical currents, their se 
ondaries will have equal induced voltages 
and can be connected in opposition to give 
zero output. The complete system is shown 
schematically in Fig. 2: it can be seen that 
1 phase-sensitive detector used with a cen 
ter-zero meter will cover its scale as the 
screen moves through the position of sym 
metry. 

@ At 20 ke/sec or more. a thickness of 
‘go in. is adequate for an aluminum screen 
Coils with ferrite cores having dimensions 
of the order of 1 in. can be separated 
axially by “% to \% in. and «till have a 
volt or two induced across an acceptably 
low impedance when only ao few volts are 
applied to the primary. We can thus have 
an attractively useful arrangement in which 
movements of a «mall, light member give 
rise to a large electrical signal. Moreover, 
the symmetry of the system ensures that 
movement of the screen (cither displace 
ment or rotation) in any other direction 
does not give any output, at least to a 
first order. 

@ There are several further advantages 
of the screening micrometer, compared to 
some other transducers. The screen is sub 
jected to negligible forces, particularly in 
the direction of travel; it can therefore be 
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used for measurements with apparatus hav- 
ing very delicate suspensions. Again, pro- 
vided screen and coils are suitably mount 
ed from opposite sides, the screen can 
overtravel indefinitely in both directions 
beyond the point of symmetry. All parts 
can readily be made very rugged, the coils 
by encapsulation. The coils can of course 
be wound to match any impedance over a 
wide range. The possibility of low-imped- 
ance working is convenient for use with 
it avoids troubles of pick-up 
and hand capacitance which can be diffi 
cult with capacitive transducers 


transistors ; 


@ These advantages could be foreseen 
when the principle was first considered. 
Two further advantages became apparent 
only when experimental checks were made. 
The first concerns linearity. It is difficult 
to predict just how the coil coupling will 
vary as the screen edge passes through in 
termediate positions. In fact, it is found 
that most of the effect occurs as the edge 
passes across the central core; and for a 
straight edge and circular section, there is 
a remarkably linear relation between screen 
position and induced secondary voltage. By 
using the optimum screen width relative 
to the distance between the two coil pairs 
of a differential system, a linear response 
(within 1 or 2 per cent) can actually be 
realized over a distance greater than the 
diameter of the central cores. 

The other advantage shown by prototype 
tests was a high useful sensitivity. Sensi- 
tivity can, of course, be increased indefi 
nitely by increasing the gain in an ampli 
fier, but the extent to which this has any 
value is limited by the zero stability of 
the instrument. Figure 3 gives a typical 
record of the apparent drift in one care- 
fully made element that had a linear range 
of 4 in. It can be seen that the drift 
throughout a day is only a few micro 
ine hes The one dev we could therefore be 
used for measuring displacements of any 
magnitude within four decades—corre 
sponding to full-scale deflections from +20 
microin, to +0.2 in. 

First applications of the screening micro 
meter have been to the movements of the 
structures of large equipment. It may be 
noted that by using all four edges of a 
square screen, readings can be made simul 
taneously in A and Y directions. The meas 
urement of forces by noting the deflection 
of elastic members has also been developed 
Other applications could be to straight 


forward gaging and te mac hine tool control 
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Fig. 1 


eter. 


Principle of Screening Microm- 


Phase 
sensitive 
detector 


Fig. 2 
system. 
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Block schematic of micrometer 


Typical drift curve. 


Editor's Note: Since the completion of 
the work described here, Dr. Noltingk has 
been affliated with the Central Electricity 
Research Laboratories, Leatherhead, Sur- 
rey, England. Commercial development of 
the Screening Micrometer has been under- 
taken by the Cambridge (England) In- 
strument Company. 





eneral Plate Clad Metals 


1. Clad Contact Rivets and Buttons — Proctor-Silex Corporation engi- 
neers found that General Piate Contacts carried a unique warranty 
that was only possible because of General Plate’s quality control 
of the entire manufacturing process — melting, rolling, fabrication 
Certified AQL inspection reports are available with shipments. 


2. Trufiex® Thermostat Metal—Generai Plate Truflex Thermostat Metal is 
supplied in strip form which Proctor-Silex Corporation blanks and forms 
into the main bimetal element and compensating member 

Truflex Thermostat Metal is available in cut-to-length strips or long contin 
uous coils to meet your needs. Trufiex is also furnished in formed elements 
or completed assemblies to meet the most exacting parts specifications 

FREE: Write for your free Truflex Nomograph Calculator for plotting first 
sample size determinations. 
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Team Up to Cut Costs... 


AND IMPROVE PERFORMANCE FOR 
PROCTOR-SILEX CORPORATION 
IN THEIR 
VARITHERM* INFINITE CONTROLLER 


1 Silver Clad Electrical Contacts 
2 Truflex Thermostatic Bimetal 


3 Clad High Conductivity 
Spring Metal 


The new, unique Proctor Varitherm pro- 
vides unlimited heat settings that are uniform 
over the entire heating element. Eliminating 
rheostats and transformers, it works on an 
on-off system to maintain constant heat at any 
setting. 

Three different General Plate Products are 
used, as illustrated. They were selected, first 
because clad metals are required in order to 
produce desired combinations of characteristics, 
and, second, because we recommended and can 
*Reg. T.M. of Proctor-Silex Corp 


3. Clad High Conductivity Spring Metal — The 


produce special combinations of metals that 
materially improved the performance of this 
remarkable new controller. 

These three General Plate Products team up 
to reduce labor costs by eliminating a time con- 
suming assembly step and to improve perform- 
ance by doing away with an embrittlement 
that was encountered during the development 
and testing period. 

Users of General Plate Products benefit from 
our unique ability to design and manufacture 
clad metals for their specific needs. Complete 
technical literature and samples of all our 
products will be sent to you. Competent field 
engineers are available to review your old or 
new designs with you and provide design 
assistance. Write for Catalog GP-1B. 


criginal torsion member wae made of two-piece ~~ TEXAS INSTRUMENTS 


clad copper, reliable spring characteristics and 
high conductivity are now obtained in a single 


piece which is easily welded to the stainiess case. ® 


INCORPORATED 
METALS & CONTROLS DIVISION 


1911 FOREST STREET ° ATTLEBORO, MASS. 


GENERAL PLATE PRODUCTS: Clad Metals + Electrical Contacts + Truflex® Thermostat Metal 
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Gold, Silver, Platinum and other Precious Metal Products 





AT UNIVAC... 


CAREER 
OPPORTUNITIES IN 


ENGINEERING! 


There is an outstanding opportunity for 
personal progress at Remington Rand 
Univac. An Atmosphere of Achievement 
provides engineers unlimited opportuni- 
ties for professional progress and par- 
ticipation in creative programs of elec- 
tronic data processing. 

You are invited to investigate the 
opportunities now available at Univac. 
In addition to an attractive salary, you 
will enjoy liberal company benefits. 


Immediate Openings Include : 


ELECTRICAL ENGINEERS 


Electrical Engineers are needed for Quality 
Control Engineering. Work involves the rigid 
standards of ultra-reliability as required in 
superior data processing equipment. These 
positions inciude the initiation and evaluation 
of test and inspection procedures for manu- 
facturing processes. 


PRODUCTION ENGINEERS 


Electrical, Mechanical or Industrial Engineers 
are needed to plan automated processes, 
methods and tooling for the worid's most re- 
liable computers. These positions require the 
utilization of imagination and creativity in 
production. 


PRODUCTION SPECIALISTS 


A limited number of Engineers are needed 
with special knowledge and experience in- 
volving thin film techniques using vacuum 
deposition. This is challenging work in a new 
field and offers unprecedented opportunities 
for advancement. 


QUALITY CONTROL ENGINEERS 


To develop and apply statistical quality 
control techniques, initiate and evaluate 
test and inspection procedures for the 
manufacture of superior quality products. 


For immediate consideration, send re- 
sume of experience and education to: 


R. K. PATTERSON, Department EM-11 


Remington Hand 
hnivac. 


DIVISION OF SPERRY RAND CORPORATION 
2750 West Seventh Street, St. Paul 16, Minnesota 
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Pius or Minus 


Random Comments of the Editors and Readers 


Status Quo 


We can offer one possible reason for 
the prevalent seeking for symbol and 
pedigree. Our notion is that status- 
seeking is no more than a defensive 
to-the- 


well- 


reaction to the deterioration 


vanishing-point of competent, 
based evaluation by others. A need for 
labels and arbitrary status nameplates 
is the net result of a couple of decades 
of the substitution of forms-to-fill-out for 
competent, experienced judgment and 
evaluation. 


What does 


to do with the potential of an engineer- 


“scholastic record” have 
ing graduate? Nothing, necessarily, but 


it does give the “recruiter” (and 
“management,” all too often) a handy 
judgment. Having ex- 


perienced this beginning. the business- 


substitute for 


world 
further grades of A-+-: finned cars (or 


neophyte will press on for 
conspicuously non-finned, as the pen- 
dulum may dictate), a nervous preoc- 
cupation with which way the wind 
blows on the “correct” hat-brim width, 
the topics of conversation and TV en- 
tertainers currently accepted by those 
who “belong.” and which others will 
tag him as being hopelessly gauche 
(or is it “square”?) and slipping be 
hind—by at least a week or two. 

We were reading recently, in the 
New Yorker, of the exploits of the 
various and amazingly diverse men who 
sought the sources of the Nile around 
the middle of the last century. Stanley, 
for instance, who finally unwound the 
whole ball of twine after decades of 
fumbling theorizing and _ conclusion- 
jumping by others, was even so an un- 
popular character because he was not 
a proper “explorer”; he was an ad- 
venturer and journalist, and in general 
received a bad press compared with 
the hallowed Livingstone and others. 
Stanley addressed himself to the Nile 
problem with an almost vulgar degree 
of efficiency and matter-of-factness. In- 
stead of delivering addresses before the 
Royal Society about the possible shape 
and extent of Lake Victoria, he devised 
a sectional steel boat, took it to the 
lake in question and circumnavigated 
the body of water and a few others for 
good measure. He thus established for 
the first time the geography of a murky 
part of Africa which had been medi- 
tated upon and debated for centuries. 

This sort of thing probably could 
not happen today, as we are protected 


by an armor of credentials and status 
Stanley would probably get no farther 
from Manhattan than Staten Island. 
with his origins, scholastic record, and 
staunch refusal to fill out 

AER 


(we hope } 
forms 


Correction 


The following author's corrections were 
inadvertently omitted from the article 
“Radiation Effects on Electrical Insula- 
tion,” p 157, September 1960 issue: 

Fig. 1—the rate should be stated as 
600,000 roentgens/hr (1r/hr), rather 
than 600,000 milliroentgens/hr (mr/ 
hr). 

Fig. 12—the last points in the graph 
for the silver-point electrodes should 
not have been shown since, in fact, the 
electrodes had physically 
separated from the specimens during 


be« ome 


the last period of irradiation 


THIS MONTH’S COVER 


Electro-Technology 


a 


Tee ne Cope 


This month's Science and Engineering 
article deals with the principles of elec- 
trical noise its origin, detection and 
minimization. Since none of these sub- 
jects lends itself to pictorial representa- 
tion, our artist has taken “noise” itself 
and shown it as it would distort a sine 
wave on an oscilloscope screen. With 
some artistic license, the effect may per- 
haps be exaggerated on the cover, but the 
importance of noise in today’s precision 
systems, as pointed out in the article be- 
ginning on page 125, cannot be over- 
emphasized. 
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Once a year the National Conference on the Application of Electrical 


Insulation tells you, and shows you, what is going on in the whole field 





Come to the of electrical insulation. It brings you up to the minute on current and 
advanced phases of the art . . . spreads out for you a dynamic display 
1 g 6 0 not only of products but of techniques, technology and trends which it 
would be difficult to get in any other way—even if you had the time. 


Insulation Conference This is what the annual Insulation Conference was organized to do. 


Many tell us that their attendance and participation in past conferences 


on New Methods, have led them to decisions that are bringing them more sales, bigger 


profits today! 


7: . 
Materials for So set down the date and the place. Then mail the coupon below for 


complete information on the conference schedule, registration, fees, 


j 1 and the technical sessions and displays—also, how to plan for an exhibit 
quipment Design pl 1 


if your company is interested. 





National Conference on the Application of Electrical 
Insulation, 155 East 44th Street, New York 17, N. Y. 


Please send all information about the 3rd annual 
National Conference on the Application of Electrical 
Insulation 


third annual 
’ NATIONAL 

CONFERENCE ON 
THE APPLICATION 
OF 





NAME 


COMPANY 


STREET 


cITry ZONE STATE 


C0 Please include details on becoming an exhibitor. 





WHAT GOES ON HERE? 


Bell Telephone Laboratories’ new electronic 
“nerve cell” is a step toward finding out 


One fascinating area of communications has long re- 
sisted exploration — what happens inside the nervous system 
when you see, or when you hear. 


This area is of special interest to telephone science; 
knowledge of how the nervous system handles sound and 
picture signals can help determine what information is 
essential to perception. This in turn may lead to more 
efficient communication instruments and systems. 


To probe the mystery of nerve activity, Bell Telephone 
Laboratories scientists have developed an electronic model 
of a living nerve cell or neuron. Consisting of transistors. 
resistors, capacitors and diodes, the “artificial neuron” 
exhibits many of the characteristics of a living neuron; for 


instance, “all-or-none” response and fatigue. 


Network of neurons is assembled by L. D 
Harmon of Bell Laboratories, the initiator of 
this new research. Many kinds of assemblies 
are possible. 


In one experiment at Bell Laboratories, a network of 
artificial neurons is subjected to a stimulus from light 
through a set of photocells. The network can distinguish 
specific patterns of light and dark, thus duplicating roughly 
some of the eye's basic reactions to light. Similar studies 
are underway to explore our hearing processes. 


At present, too little is known about neural action to 
permit exact electronic duplication. But experiments with 
artificial neurons can provide suggestive clues, contributing 
to a stimulating interplay between electronics and neuro- 
physiology which may help workers in both disciplines. 


The human nervous system, including the brain, is the 
most efficient and versatile data processing system known: 
and data processing is an essential part of communications 
The artificial neuron provides a new approach to investi- 
gating and understanding basic nerve network functions. 
It is a fresh example of how Bell Telephone Laboratories 
constantly explores new frontiers to improve America’s 
communications system, now and in the years ahead. 


A single artificial neuron. It delivers electri 
cal impulses when stimulated, like a living 
cell. Neurons are also being used for research 
into hearing 


BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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LEXAN 


POLYCARBONATE RESIN 
HAS ALREADY 
SOLVED DESIGN 
PROBLEMS 


IN OVER 300 
COMMERCIAL 
APPLICATIONS 





NOW TWO GENERAL ELECTRIC 
GIVE YOU LEXAN THERMOPLASTICS 


HOUSINGS OF LEXAN thermoplastic protect riding lights 
on the trailing edges of Lockheed’s F-104 Starfighter. The transparent 
resin withstands high friction caused by speeds of 1500 mph, thanks to 
its exceptional resistance to wear and heat. The material can take high 
altitude cold. (Housings moided by Crescent Moid Engineering Corp., 
N. Hollywood, Calif.) 


BLOWER COUP'LINGS for radar unit are tough, flame 
resistant give smoother air flow than could formerly be obtained with 
brass fittings. Fabricated of LEXAN polycarbonate resin, they withstand 
cycling from —54°C to +54°C under humid conditions. They are inex 
pensively vacuum-formed, allowing considerable savings in machining 
costs. (Used by the Tracking and Acquisition Radar Equipment Section of 
Genera! Electric Company, Syracuse, N. Y.) 


CARD GUIDE requires molding to close tolerances and minimum 
change in dimensions during service. Moided of LEXAN resin, the part 
shows excellent dimensional stability under varying conditions of mois- 
ture and at high temperatures. LEXAN resin is self-extinguishing—im 
portant in this application. (Molded for International Business Machines 
Corp. by Consolidated Moided Products Corp., Scranton, Pa. and Quinn 
Berry Corp., Erie, Pa.) 


G.E. OPENS NEW LEXAN PLANT 


Now, only G.E. offers two-plant flexibility in polycarbo- 
nates—a commercial plant and a semi-works plant for 
continued research and development m polycarbonate 
resins. The new plant, at Mount Vernon, Indiana, meets 
the increasing demand for LEXAN resins. The additional 
capacity, amounting to millions of pounds per year, makes 
General Electric the largest supplier of polycarbonate 
resins in the United States! 

Pioneer in polycarbonates, G.E. has cooperated in the use 
of LEXAN resin in over 300 commercial applications. You 
can draw on this experience through G-E Technical Serv- 
ice. For a complete rundown on properties, uses, design 
considerations, molding and fabricating tips — send for 
LEXAN technical literature—the most complete literature 
on polycarbonates available! (Coupon on page after next.) 


LE XAWN —for designs that demand exceptional prop- 
erties. If you want high strength and heat stability in a 
thermoplastic, use LEXAN polycarbonate resin. So tough 
is this material that it can actually be cold-formed and 
coined like a metal. It withstands over 12 foot-pounds per 
inch of notch—an impact strength attained by no other 
plastic. At the same time, LEXAN resin gives you a heat 
distortion point as high as 290°F! These properties are 
combined with outstanding dimensional stability, low 
water absorption, good electrical characteristics and other 
advantages. 

LEXAN resin can be injection molded, extruded, va- 
cuum formed, machined and bonded. It can be made into 
high-precision moldings, sheet, rod, tube, filament. 


IMPELLERS molded of LEXAN resin replace bronze in jet pumps 
Outperforming metal, LEXAN resin gives exceptional impact strength 
plus ability to withstand 280°F without distorting. LEXAN impellers with 
stant abrasive wear better than bronze and are unaffected by water or 
dilute acid. Impeller halves can be separately molded and then solvent 
cemented. (Moided for Sta-Rite Products, Inc., Delavan, Wis. by Modern 
Plastics Corp., Benton Harbor, Michigan, and Santay Corp., Chicago, III.) 





POLYCARBONATE PLANTS 
TO SOLVE PROBLEMS LIKE THESE 


ie 

EMERGENCY-BRAKE BUSHINGS of LEXAN resin 
help trucks come to a safe stop. Before LEXAN bushings were used, the 
hole for the piston at the end of the activating cylinder quickly wore 
oblong, allowing road dirt to enter and cause leakage of the inner seal. 
The plastic’s resistance to wear, heat and grease makes it ideal for this 
critical use. (Brake manufactured by MGM Brakes, Inc., Cloverdale, Calif 
Bushings by Automatic Plastic Moiding Co., Berkeley, Calif.) 


7 

| Aaa 

INSULATOR BLOCK of LEXAN resin heips insure trouble 
free performance of electrical counter. Not much bigger than a dime, the 
part must maintain severe tolerances. It takes —85° to + 280°F without 
distortion. The dimensional stability of LEXAN resin lowers cost of the 
part, permits replacement of materials which required costly machining 
to attain accurate dimensions. (Molded by Fred Knapp Engraving Co., 
Racine, Wis., for Abrams instrument Corp., Lansing, Mich.) 


wr 
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LAMPHOLDER TERMINAL BLOCK is used inside 
electronic equipment where heat is difficult to dissipate. LEXAN poly- 
carbonate resin replaced another thermoplastic which meited under 
severe thermal conditions. The part is molded with black resin and 
painted white in the lamphoider holes. (Molded by Booker & Wallestad, 
Minneapolis, Minn. for Remington Rand Univac Div. of Sperry Rand Corp., 
St. Paul, Minn.) 


COIL FORM must not distort at temperature above 200°F under 
stresses caused by tightly wound wire. LEXAN resin provides heat dis- 
tortion temperatures of 280-290°F under load. A good dielectric, LEXAN 
resin is resistant to oxidation at high temperatures and is non-corrosive 
even when used with very fine Ciass F magnet wire. (Molded for Sigma 
instruments, Inc., So. Braintree, Mass. by Waterbury Companies, inc., 
Waterbury, Conn.) 


FUSE HOLDER CAPS make use of the transparency and 
heat resistance of LEXAN polycarbonate resin. Lamp shining through 
LEXAN cover indicates blown fuse. Plastics previously used softened 
under the high temperature encountered in naval equipment. LEXAN 
resin was also selected for its good dielectric properties in the holder, 
which is rated up to 600 volts and 60 amps. (Molded by B&B Plastics, 
Oakville, Conn. and Engineered Plastics, Inc., Watertown, Conn. for Fuse 
Indicator Corp., Boston, Mass.) 


Sata pth 


“WARHEADS " for pneumatic tube systems take advantage of 
the high impact strength and dimensional stability of LEXAN resin. The 
good electrical properties of the thermoplastic permit placement of all 
electrical control elements in the head. LEXAN resin resists wear and tear 
and saves cost of repair and replacement in these parts, which undergo 
friction at speeds as high as 20 mph. (Molded for Airmatic Systems Corp., 
Saddie Brook, N. J. by Berkeley Engineering and Manufacturing Co., 
Berkeley Heights, N. J.) 





aN 
(46) LEX AN 


Property 


Color 


PHYSICAL ame gravity 
PROPERTIES ‘te 


Refractive inciex at 25°C 


Rockwell harciness 


Value 


Light amber, transparent 
1.20 

None 

None 

1.586 


1 M70, R118 


Abrasion resistance, Taber abraser with CS-17 wheel 7-11 mg/1000 cycles 


impact strength, notched Izod, 4" specimen 
Impact strength, unnotched Izod, 4” specime 
Tensile-impact 


Tensile yield strength 
Tensile ultimate strength 
Tensile modulus 
Elongation 

Compressive strength 


12-16 ft-ib/in. of notch 
n »60 ft-Ib/in 
600-900 ft-ib/cu in 
8,000—9,000 psi 
9,000—10,500 psi 
320.000 psi 
60-100% 
11,000 psi 





Compressive modulus 
Flexural strength 
Flexural modulus 
Shear yield strength 
Shear ultimate strength 


Light transmission ('% in. thick disc 
Water vapor permeability 

Nitrogen permeability 

Carbon dioxide permeability 

Bulk factor of pellets 


Poisson's ratio 

Modulus of rigidity 

Deformation under load, 4000 psi 77°F 
158°F 


Fatigue endurance limit (Wohler method), 1800 
cycles/min., 73°F, 50% RH 
Water absorption, 24 hr. immersion 
equilibrium 73°F 
equilibrium 212°F 


Heat distortion temperature 
Mold shrinkage 
THERMAL Thermal conductivity 


Coefficient of linear thermal! expansion 


PROPERTIES fFiammability 


Brittle temperature 
Specific heat 


Deformation 
under load on 
0.5 in. cube 


ELECTRICAL Dielectric constant 
PROPERTIES 60 cycles 


10° cycles 
Power Factor 
60 cycles 
10° cycles 
Volume resistivity, ohm-cm 
Arc resistance, 
stainiess stee! strip electrodes 
tungsten electrodes 


Dielectric strength, short time 


Resistance to electron beam radiation 


Chemica! Materials Department, Section ET 
Genera! Electric Company, Pittsfield, Mass. 


Send me literature on LEXAN resin 


(1 My application area of interest is 
Name 
Title 


Company 





Address 





240,000 psi 
11,000—13,000 psi 
375,000 psi 

5 400 ps: 

9,200 psi 


75-85% 





3—4 x 10—° g/cm/hr/cm?/mm Hg 


0.012 x 10—* cc(STP)/mm ‘sec 


0.32 x 10—* cc(STP)/ mm, sec cm 


1.7 


0.38 
116,000 psi 
0.2% 


0.3 


2000 psi 


0.2 
0.35% 
0.58% 


264 psi: 280°—290°F 66 psi 
0.005—0.007 in.,in 

4.6 x 10—¢ cal/sec/cm 

3.9 « 10—5 in./in F 

Self extinguishing 


135°C 
0.30 


Temp., *F Load. Ib 
158 1000 
158 500 

77 1000 
17 500 


17 
2.96 


0.0009 
0.010 
2.1210 


10-11 sec 
120 sec 


3,91C mil at 1.5 mils 
3,080 mil at 3.0 mils 
2,560 mil at 4.7 mils 
1,130 mil at 23.0 mils 


cm Hg 


cm Hg 


Deformation 
0.282 
0.08C 


mil at 
mil at 


mil at 12 


50 mils 


0 648 
0D 955 


D 696 
0 635 


D 746 
Bulletin 
157 


D 621 


400* v./mil at 125.0 mils | (*The step-by-step volves ore essentially the 


No change up to 5 x 10’r dosage same as the short time volves for the 


125-mil pieces 
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A CHALLENGE TO EXCITE ANY ELECTRONICS ENGINEER 
WORTH HIS SALT... THE KIND RYAN NEEDS RIGHT NOW 


It’s no secret that the Navy considers there is not 
yet an adequate defense against nuclear-powered 
submarines. As the search for more effective ASW 
detection methods goes on, the Navy relies heavily 
on Ryan navigation “brains” to help pinpoint “hos- 
tile” subs. 


Nearly every flying weapon in the Navy’s ASW ar- 


senal has a Ryanav C-W doppler “brain.” World 
leader in C-W doppler navigation systems, Ryan is 
the largest electronics firm in San Diego — and the 
fastest growing! If you are an electronics engineer 
ambitious to help advance the art, and your own 
career, we want you now at Ryan Electronics. 


Ryan Electronics employs over 2000 people and has 
over one-third of the company’s $149-million back- 
log of business. Under the leadership of some of 
America’s most prominent scientists and engineers, 
Ryan is probing beyond the known . . . seeking solu- 
tions to vital problems of space navigation. 


Expanding facilities of Ryan Electronics at San 
Diego and Torrance in Southern California are 
among the most modern in the West. You enjoy 
living that’s envied everywhere, plus facilities for 
advanced study. Send your resume or write for 
brochure today: Ryan Electronics, Dept. 3, 5650 
Kearny Mesa Road, San Diego 11, Calif. 


Oeste Mave a oes RYAN ELECTRONICS 
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24 HOUR DELIVERY 


We now stock small quantities of the most popular sizes and types of Giobe 
precision miniature motors—both a.c. (60 and 400 cycle) and d.c., plain and 
gear reduced, for immediate shipment off the shelf. Get the motor you need 
tomorrow! 

Understandably we can't guarantee to meet every requirement that fast 
the Globe line is the broadest available today with literally millions of com 
binations—stocks change day to day. But we are almost sure our inventory 
contains a motor that comes close to your prototype requirements—to tide 
you over until we can furnish the exact motor you need. (Most unstocked 
prototypes normally can be built and delivered in 4 weeks or less.) 

Your Globe engineering representative has the latest stock lists. Contact 
us when you need a miniature motor immediately. For details about 24-hour 
prototypes, write for Bulletin 24. Globe Industries, Inc., 1784 Stanley Ave- 
nue, Dayton 4, Ohio, or telephone direct: BAidwin 2-3741. 


GLOBE INDUSTRIES, INc. $C) Se]-ji3 
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THE FINEST INSTRUMENT 
FOR ALL-PURPOSE TESTING... 


WESTON Model 901 Group 
Now better than ever 


Weston’s matched line of Model 90] portables are well known 
for sustained accuracy and dependability under general test 
conditions. This modern group of AC and DC multi-range 
instruments consists of ammeters, voltmeters and wattmeters 
covering a wide range of measurement. 


Designed for critical use, the Model 901 DC series is now 
accurate to 0.25%. Hand-calibrated mirror scales are 

combined with knife edge pointers to eliminate parallax errors. 
Widely-spaced markings on 5.5-inch long scales facilitate 
readability. The Model 904 AC series is now stocked in 
multi-range, frequency-compensated versions only. 


Excellent for field use, these portables are housed in 
rugged plastic. 


Other features include wide, shadow-reducing windows 
which are specially treated against electrostatic effects, and 
self-shielded mechanisms that offer positive protection against 
external magnetic influences. 


Call your Weston representative for complete information. 
or write for Catalog 06-203. Daystrom, Incorporated, 
Weston Instruments Division, Newark 12, New Jersey. 
International Sales Division, 100 Empire St., 

Vewark 12, New Jersey. In Canada: Daystrom Lid., 

840 Caledonia Rd., Toronto 19, Ontario. 


1 bratty, 
DAYSTROM , incorPoratepd 


WESTON INSTRUMENTS DIVISION 


“Reliability by.“Design 
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SILICONE NEWS from Dow Corning 


Fulltime Protection... 


New, Easy-to-Use Silicone Encapsulant 
Beats Heat, Cold, Moisture, Abrasives 


Encapsulating motor end turns with Silastic® RTV, the Dow Corning 
liquid silicone rubber, produces a clean-cut protective jacket that inspires 
customer confidence. This confidence is not misplaced . . . the protection 
is just as effective as the encapsulation suggests. 


Sure Protection New Silastic RTV especially developed for this pur- 
pose pours bubble-free . . . flows smoothly into all crevices . . . and leaves 
no weakening air holes or thin sections. Setting up, the rubber takes an 
iron grip on previously primed surfaces, and quickly vulcanizes into a 
void-free, homogeneous silicone rubber barrier to dust, dirt, moisture, 
abrasives, many chemicals, and corrosive atmospheres. 


When cured, the silicone rubber jacket expands and contracts with 
windings and laminations . . . will not hairline crack. 


For All Motors Equally suitable for Class A, B, F, or H insulation 
systems, Silastic RTV encapsulation protects against adverse environments 
and weathering . . . makes costly motor enclosures unnecessary. 


Full information and technical 
assistance is available by 
writing Dept. 3011. 


Easy Processing Applying the protec- 
tion is easy and time-saving. Here's all 
you do—l. paint end turns and lamina- 
tion surfaces with primer; 2. put simple, 
easily constructed forms in place; 3. pour 
catalyzed Silastic RTV over coil end turns. 
That's all there is to it. The molded jacket 


cures at room temperature. 


Available in Kits 

Handy kits containing everything you need 
for encapsulating motor end turns are 
available from the Authorized Distributor 
of Dow Corning ae 

silicone materials in 

your area. Contact 

him today. He sup- 

plies quality silicone 

materials that offer 

economical solutions 

to your pressing in- 

sulating problems. 
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Plus Top Performance 


Silicones Pack Power in Small Space 


To assure reliability of transformers supplying standby 
power for submarine nuclear reactors, Milro Controls 
Company chose silicone insulating components and Dow 
Corning 997 Varnish. 


Reasons for their choice: silicone resin insulation systems 
provide maximum output for minimum weight, superior 


resistance to moisture, and ample protection against high 
ambients and overloads. The impregnating varnish, Dow 
Corning 997, easily withstands operating temperatures 
up to 250C. It provides superior protection against all 
the well-known enemies of electronic and electrical equip- 
ment. Each Milro power supply contains three compact, 
lightweight transformers. 
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Contact the nearest Dow Corning 
Authorized Distributor. He's your 
best source for Silastic RTV and 
other quality-produced, perform- 


Eost Rochester, N. Y 


Allied Electrical insulation, Inc 


Brownell Electrical Insulation 


Compound Cushions, Conducts Heat 


A dab of greaselike Dow Corning 3 Compound provides 
this diode with a ready-made heat transfer path from diode 
to washer, washer to chassis. As a heat-sink sealant, 3 
Compound improves heat dissipation because of its good 
thermal conductivity, retains this ability . .. never dries out. 


A similar product, Dow Corning 5 Compound, is widely 
used by semiconductor manufacturers for potting transis- 
tors. It retains initial consistency from —75 to 200C ... 
cushions vibration and shock. Completely inert and free 
of mineral salts, it protects against contaminants . . . blocks 
welding spatter prevents damage to the wafer or 
junction . . . assures fewer rejects and helps provide supe- 
rior performance of the semiconductor device. 
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Prehler Electrical insulation Co. 
Chicago 39, Illinois 


Electrical insulation Suppliers, Inc 
Atlanta, Georgia 


Electrical Maintenance Equipment Co. Robert McKeown Company, Inc. 


ance-engineered silicone materials. 


New York 11, N.Y 


Butts Electric Supply Company 
Oklahoma City, Oklahoma 


C. D. LaMoree Company 
Los Angeles 15, California 


C. E. Riggs, Inc 
Portland, Oregon 


Ear! B. Beach Company 
Pittsburgh 21, Pennsylvania 


E & H Electric Supply Co. 
Lovisville 3, Kentucky 


Philadelphio 23, Pennsylvania 


Insulation and Wires Incorporated 
St. Paul 1, Minnesota 


Insulation Manufacturers Corporation 
Chicago 6, Illinois 


J. R. Christensen Agency 
Salt Lake City 11, Utah 


McNaughton-McKay 
Detroit 4, Michigan 


National Electric Coil Company 
Columbus 16, Ohio 


CORPORATION MIDLAND, MICHIGAN 


NOVEMBER 1960 


branches: 


ATLANTA 


BOSTON 


CHICAGO CLEVELAND O4LL AS 


LOS anoe.ces 


Livingston, New Jersey 


Summers Electric Company 
Dallas 1, Texas 


The Electric Motor Supply Co. 
Baltimore 2, Maryland 


The Huse-Liberty Mica Company 
Peabody, Massachusetts 


Tri State Supply Corporation 
Los Angeles 13, California 


White Supply Company 
St. Lovis 10, Missouri 


new vorRK WASHINGTON. OC 
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Meet military spec requirements 


AC contactors 


For magnetic operation on motor 
leads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-, and - 


150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


DC contactors 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
omps continuous and five lengths. 





with General Electric Hl-shock 


Multi-current and overcurrent § relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up te 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 


@ Shock 
© Humidity 


@ Fungus 


@ Vibration 
® Tilting 
© Temperature 


Whether you're designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent ... one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 


All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 

Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric's Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section H785-15 
Schenectady 5, New York 


fp Nery nel Compe 
Please send me a copy of the Navy Control 
Components catalog, GEA-6798, with descrip- 

- tions, specifications, and pricing data on the 
fi> complete line. 


4 OF bead 


e! 


Name—— 
Company 
Address 


City... State 
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Now for the first time —a single source of supply for 
CONTOUR* cable, connectors and custom engineered 
inter-connection and harness systems 2%: oes 2 compete 


etched CONTOUR cable and connector components — off-the-shelf and custom engineered. They are 
designed to meet the most rigid performance requirements. Their use offers marked advantages over 


conventional methods in fabricating all types of wiring harnesses, interconnecting cables, moving joint 
connectors, and relay rack drawer connections. For technical assistance in the application of these components to your ir 
terconnecting and wiring problems; for lite-ature, price or delivery information, write, teletype (TWX INGL 4117) or call collect: HUGHES 
industrial Systems Division, P.O. Box 90904, Internationa! Airport Station, Los Angeles 45, California. For export information, write: HUGHES Internat 

Culver City, California *Tradermark of Hughes Aircra 


PEATING ANEW WORLD WITH ELECTRON 


HUGHES 


INDUSTRIAL SYSTEMS DIVISION 
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vides excellent edge coverage, high cut- 


ail? 
NEW “SCOTCHCAST” RESIN POWDER a 
PROTECTS PARTS IN SECONDS! ““SCOTCHCAST” Resin No. XR-5026 pro- 


New, from 3M, a 100% epoxy resin powder you through resistance, fine electrical proper- 


can spray on! Protects, insulates, and moisture- ties, and continuous class F operation. 
proofs electrical-electronic parts and related Resists attack by fuel oil, gasoline, kerosene, 


hardware such as transformer cans, computer and most chemicals. 


racks, etc., in just seconds. Overspray is recover- Discover how ““Scotcucast” Resin No. 

able—there’s no waste. XR-5026 can do a better job of improving 

““SCOTCHCAST” BRAND Resin No. XR-5026 is _ your components and cut- 
s 


a one-part epoxy powder that applies quickly and ting your insulating costs. 


easily by spray gun, dusting, or aerated-bed . « Write for complete informa- 
process. Applied to pre-heated parts, it liquefies tion: 3M Co., Dept. EAB-110, 
on contact, flows into a smooth even coat, and °1900 Bush Ave., St. Paul 6, 
in most cases cures by residual heat alone in a mn Minnesota. 


merarenne AY a0 Mhanvracrunine COMPANY > Electrical Products Division 


.- WHERE RESEARCH 18 THE KEY TO TOMORROW 


TRADE MARK ST. PAUL 6, MON 
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-oR YOUR 


OPEGIAL APPLICATION 


The bulk of UTC production is on special units designed to specific cus- 
tomers’ needs. Illustrated below are some typical units and some unusual 
units as manufactured for special applications. We would be pleased to 
advise and quote to your special requirements. 


UNITED TRANSFORMER CORP. 


150 VARICK STREET, NEW YORK 13, W. Y. 


PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N, Y. CABLES: “ARLAB” 
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In all four wicking and lubrication 
applications on electric motors, 
Western Felt wicks are dependable 
lubricating mediums of excellent 
quality and long life 


ubricated with 
Western Felt Wicking 


By its very nature, wool felt is almost 
automatic in its oil-delivery rate. 


Felt, unlike knitted or woven materials or 
impregnated fibers, does not wick the 
lubricant inside its fibers. Instead, the 
lubricant is held and wicked within the air 
spaces or capillaries between the fibers. 


That is why Western Felt wicks can be 
tailored exactly to the job they must 
perform—to provide optimum wicking 
height, oil-absorption, and rate of transfer. 
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With absorption capacities up to five times 
original weight, Western Felts serve as 
excellent self-contained oil reservoirs. 
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Western Felt’s experienced design 
engineers welcome an opportunity to work 
with you on any wicking and 

lubrication problem. 
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| “Felt Wicking and Lubrication,” 


= 
| Write for our free illustrated 
= technical brochure, 


WESTERN 


Dept. E 
4021-4139 Ogden Ave 
Chicago 23 


Branches in Principal Cities i @ 


MANUFACTURERS AND CUTTERS OF WOOL FELTS 
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BEARING DESIGN OF 
EMERSON ELECTRIC MOTORS 


Is Self-Oiling, Self-Aligning to assure 
Free Starting and Smooth Operation 
at all timeS-_The bronze bearing in Emerson 


Electric Motors has thousands of tiny cells that cause the 
bearing to act as a metal sponge and feed the shaft journal 
a controlled flow of lubricant. In cooling, it draws off excess 
oil to give free starting at low temperatures. Self-Alignment 
minimizes friction and greatly increases motor life when 
you install Emerson Electric Motors in your appliances 
and equipment. Emerson Electric Motors are custom- 
engineered to meet your specific needs. Call us today 
you'll like our way of doing business! 


EMERSON ELECTRIC of St.Louis + Since 1890 


DErPT. M-33 6100 FLOR ISGOSANT eo SBTFT.4LOUI18 36, MO. @ co 1+#+180090 
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INDUSTRY STANDARD FOR ALL LOW-LEVEL 
SOUND CIRCUITRY REQUIREMENTS Since their 
original design, Cannon Audio Plugs have been accepted 
as the standard of quality for all low-level sound circuits. 
Cannon's full line of audio-electronic plugs fulfill all the requirements for use with 


microphones, radio, television, amplifiers, tape recorders, computers, control 
devices, and many other audio and instrumentation 


applications. Available through Cannon Sales/ 


Engineering Offices and authorized Distributors CAN 4 ON 

throughout the world. For information on this or 

other products, write for literature to: © PLU S 
e 


CANNON ELECTRIC COMPANY, 3208 Humboldt Street, Los Angeles 31, Calif. 
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Sealed Basic Switch. Type “Z” 
sealed switches have an elastomer boot 
around the plunger actuator and a cement 
seal around the cover, preventing mois- 
ture and foreign matter from entering 
the switching chamber. They are rated at 
15 amperes, 125, 250, or 480 vac. Seven 
different actuator designs are available to 
accommodate various operating methods. 
Write for Catalog 62. 


New 25-Ampere Switch. New “E” 
Series basic switches are UL listed for 25- 
ampere service at 125/250 vac. Ability to 
handle 75-ampere inrush currents makes 
them especially useful with solenoids, 
motors and heaters. Available in eight 
different actuator designs and four termi- 
nal types. Write for new Data Sheet 181. 


SWITCH 
NEWS 
FROM 


New Adjustable “Differential Travel” Switch. A turn 
of the dial on this “1OBS” Series switch varies its differential travel 
characteristic berween 0.0025 and 0.007 inch. Designed for use as the 


precision switching element in sensitive control applications, it permits 


fine adjustment of the control's on-off cycling characteristics. Typical 
applications include pressure controls and blower fan controls. Contact 
arrangement is single-pole double-throw. Write for new Data Sheet 179. 


CED erne roe 
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MICRO SWITCH Precision Switches 


WONEYWE 


SWITCH 


basic switch designs for precise, reliable control 


Double-Pole Double-Throw Switch. ‘DT’ Series 
switches simultaneously make and break two independent cir 
cuits, providing a normally open and a normally closed contact 
with each pole for several different wiring combinations. Seven 
integral actuator versions are available. Write for Catalog 62. 


NOVEMBER 1960 


Machine Tool Basic Switch. “} MN” Series switches are 
designed for use with limit, sequence or control mechanisms on 
machine tools, presses and other industrial equipment. Single- 
pole two-circuit double-break contact arrangement permits a 
variety of wiring combinations. Its narrow width facilitates 
gang-mounting, while its unique terminal design eliminates 
the need for insulating barriers. Median mechanical life exceeds 
10,000,900 operations at full overtravel. Write for Catalog 62. 


New High Sensitivity 
Subminiature Switch. 
This “SM400” Series switch 
has a differential movement of 
only 0.001 inch max., without 
sacrifice of electrical rating or 
performance. An ideal switch- 
ing element for pressure and 
temperature controls and other 
devices where ultimate control 
sensitivity Or response is man- 
datory. It is also ideal where 
only a minute motion is avail- 
able, or very low energy differ- 
ential is a requirement. Rating 
is 5 amperes at 125/250 vac. 
Write for Data Sheet 180. 


Prompt engineering help on switch problems is read- 
ily available by simply calling the nearby MICRO 
SWITCH Branch Office listed in the Yellow Pages. 


MICRO SWITCH ... FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 
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CRAMER TYPE 691 PRECISION TIME TOTALIZER 


This is a ballistic missile control panel, somewhere in 
England. You may have seen it in a recent issue of either 
of two leading weekly news magazines . . . and read about 
two keyslots: “War-Peace”, to permit activation of the 
atomic warhead, and “Launch Sequence”, to initiate the 
intricately synchronized steps that lead to lift-off. 


Once that sequence is started, each of the five phases of 
the 15-minute countdown is completely automatic, pre- 
cisely indicated by a Cramer Type 691 Time Totalizer. 
Human hands begin the cycle, and may stop it before the 
fateful last minute. But no hands are deft enough to 
guide it through its complex dance. 


Here, as in many less dramatic instances, the key to 
confidence is a Cramer timing device. 


ELECTROMECHANICAL DIVISION 
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Time Ranges: 60 seconds or 60 minutes. Outer scale 
reads either seconds, .01 second, or .01 minute inter- 
vals 

Motor Ratings: all standard voltages at 50, 60 or 400 
cps, and 28v DC chronometrically governed. 

Accuracy: within .01 second or .005 minute. 

Reset: in 1/10 second, by dial pushbutton or remote 
control 

Load Switches: Optional. SPDT, rated 5 amps at 115 

and 230 volts, AC or 2 amps at 28 volts DC. 

Cams: Optional, to operate load switches. Cut to user 
requirements. 

MiL-Specs: Hermetically sealed military units meet vibra- 
tion, shock and environmental tests of MIL-E-5272B. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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Some Ideas 


When it comes to lettering — plain or fancy 

professionals the world over turn to 
LEROY® Equipment by K&E. In drafting 
rooms, art departments — not to mention 
schools, business offices 


hospitals 


churches, clubs, 
LEROY has become almost as 
necessary as pencil and paper 


Truly, there's no magic about LEROY 


Ve 


just a beautifully simple idea, translated 
into products 
manufacturing skill and imagination. Not 
casy, we grant you but not magic 
However, to keep the LEROY line con 
stantly up to the changing requirements of 
the times — that does require a wizard 
Fortunately, we have just such 
man firmly settled on the KA&l 
And he begs that we report several of the 


more recent minor miracles of LEROY 


which reflect the highest 


a gentle 
payroll 


right here and now. So, in the famed stand 
ard, sans-serif lettering template, let's 
make with a little 


abracadabra 


Templates 


F very vear sees new additions made to the 
already long list of LEROY templates. Case 
in point: the new electronic tube symbol 
templates for use in one of the most mod 
ern, fastest changing industnes of them all 
Also, there are foreign language templates 
(such as Russian and Greek), music tem 
plates, special designs, and a variety of 
handsome type faces (Caslon, Cartograph 
ic, Bernhardt Modern to name some newer 
additions ). 

The best advice we can give for keep- 
ing current on LEROY 
have the LEROY 
just so happens that we recently put out 
a brand new edition of the catalog, and 
it's yours for the asking. See coupon at 
right.) Finally, of course, we should add 
that if you don't see what you need in our 
catalog, don't despair. We'll produce it, 


templates is to 
catalog on hand. (It 
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for your file of practical information on 
drafting and reproduction... from 


L__—_——_.. —. —-- KEUFFEL & ESSER CO.-——-—-——-—-——-4 


to your design — as we have 


done for thousands of others. 


custom-made 


A “Built-in” Pencil Point 
The business of stopping work to put a 
sharp point on a lettering pencil is now 
largely over and done with, thanks to an- 
other new LEROY item. The point of the 
new LEROY “020” pencil never blunts or 


dulls — it's permanently sharp. And that, 
we submit, is a pretty sharp idea. The lead 
of this new pencil is an unvarying .020 
inches in diameter, from one end to the 
other. All that’s necessary to repoint is to 
idvance the lead with a turn of the pencil 


shaft. No need to remove it from the scri- 
ber, by the way. This new pencil fits all 
LEROY 


smoother 


scribers, and guarantees faster, 
work. As to appearance — all 
lines drawn with the “020” are perfectly 


KEUFFEL &4 ESSER CO., 


uniform, and of exactly the same density 
(a careful balance, chosen to give good 
wear without sacrificing print - making 
quality). You never saw pencil work look 
so good, 


The Pen With A “Built-in” Inkwell 


Here's your ticket to faster ink work with 
far fewer refills—K&E’s new LEROY Res- 
ervoir Pen. You'll be amazed at the mileage 
you can get between refills with this newly 
perfected pen. Its refillable cartridge holds 
enough ink for many hours of smooth, un 
interrupted lettering, thus eliminating the 
need for daily cleaning. The pen’s cartridge 
is airtight — made of a non-porous, un- 
breakable. translucent material. The level 
of ink is always visible, and any non-sol 
vent, waterproof India drawing ink can be 
used (for best results and quicker, easier 
filling we recommend the LEROY Letter- 
ing Ink-Cartridge +2950). 

4 tiny weighted needle inside the pen’s 
feed tube assures a clear passage of ink 
from reservoir to point. Light vertical 
shaking of the pen activates this needle, 
removing any particles which may have 
settled in the tube when the pen was set 
aside. The needle also provides efficient 
cleansing action when you wash out the 
pen 

LEROY Reservoir Pens are furnished 
in seven sizes, from 00 to §, for use with all 
LEROY scribers. Ideal for lettering work, 
the points glide easily over paper, cloth or 
film based surfaces, producing sharp, un! 
form lines that reproduce crisply. 


Order Your LEROY Catalog Now 


Other new additions and improvements — 
too numerous to go into here —are de- 
scribed in the new LEROY catalog. The 
coupon below brings your copy, free. 


Dept. EM-11, Hobcken, N. J. 


Please send me the latest catalog on LEROY Lettering Equipment by K&E 


Name & Title 


Company & Address 
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Breakthrough! m& m— 
Me /hermaleze 
has replaced six 


or more 
film wires! 


"> 


Industry’s only multi- POLY-THERMALEZE, a Phelps Dodge Applied 
purpose magnet wire! Research development, is answering a 
long-awaited need of the electrical equip- 
ment industry for a universal magnet wire. 





Property for property, 


POLY-THERMALEZE 
matches or exceeds 
4 all these 


Y. wires! 
avy 
Ny 

. ke ~ Fe 


d» Yd nvr 
POLY 
THERMALEZE 155°C 60 1400 2 2 4 20%-3X eer ahs Good Temi 305°C 4th oD | 4000 1880. 8. 8) 


oS 


For the first time, POLY-THERMALEZE Per- _...suz prsion Dados tor the quichest, surest onewert 
mits standardization to one all-around film a og tall 


LASTING QUALITY 


within Class F (155C), Class B (130C) ar 


MINE TO MARKET! 


and Class A(105C) temperature ranges. pueips popGe COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 





The REED catalog gives you “6 Se 
QUICK ANSWERS TO TOUGH QUESTIONS 
ABOUT INSTRUMENT BEARINGS 


Should we specify ABEC-7 instead of ABEC-5? What's the recommended 
‘ ; ; a : : ; For a copy of the REED Instrument Bear 
lubricant: oil or grease? What shaft and housing tolerances shall we use? ing Catalog—or help with an instrument 


bearing probiem all or write 


Should extended inner ring bearings be specified for the application? REED tees Gewlen Comoe 


7 


Questions like these can fly fast and furious when you're on a 
project. That’s exactly when you need REED'’s catalog on instrument bear- 
ings. Because, this small but specific reference combines valuable informa- 
tion with vital statistics on instrument bearings. There's no nonsense—just 


facts. Data on load ratings, fits, tolerances, etc. are all easy to find. 


REED specialists are also readily available to help you with 
any bearing problem, large or small. These men are specially trained and 
experienced—fully able to make tiny bearings do big, important jobs. And 


they're located near you, as shown in the box at right. 6017 


eevee eeeee ee eeeeeweeaeeeeeeeeeneeaeeeeeeeeeeaeeeeeeeeeeeeeeeee 


Division of 
INSTRUMENT BEARING COMPANY = - 
REED tos ANGELES, CALIFORNIA ok ® 


INDUSTRIES, INC. 


eeeeeeeeaeeeesreeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeee eeeeeeeeeeeeeeeeeeeee 
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MINIATURE 


GLOW LAMPS 


INDICATORS 


COMPONENTS 
IN 
SEMICONDUCTOR 
CIRCUITS 


Signalite Glow Lamps offer unparalleled design 
flexibility in computer, communication and in- 
dustrial equipment applications. 

WRITE TODAY on your company’s letterhead 
describing your particular application. Signalite 
will analyze your needs and send you samples 
and complete technical bulletins. 


ili INCORPORATED 


37-41 NEPTUNE HIGHWAY 
NEPTUNE, NEW JERSEY 
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used in low-cost siot-cell insulators in motor heat resistance for many types of electrical 


SOLVING MATERIAL 
DESIGN PROBLEMS 
> ELECTRICAL INSULATION 


mH oe e 5 ed 
“ a 


From a cool shave te continuous heat. CDF MICABOND®* insulation solved two problems: low cost for tiny commutator V-rings 


x 


in electric shavers .. . continuous heat in traction motor and generator V-rings and segments for diese! locomotives. 


You get the exact physical and electrical properties 
you want at low cost when you have a wide selection 
of grades to choose from, plus engineering know-how 
to help you with your selection. 

The many grades and types of MICABOND made 
it comparatively easy to solve the different insulation 
problems posed by low cost shaver motors and 
rugged locomotive traction motors and generators. 


In addition to the MICABOND line, CDF makes 
the industry’s widest range of laminated plastics, 
vulcanized fibre, and other electrical insulating mate- 
rials. For MICABOND information, write us for 
catalog M-59. For other product information, ask 
for General Folder 60. Or check your Sweet’s Prod 
uct Design file. 


CONTINENTAL-DIAMOND FIBRE 


® A SUBSIDIARY OF THE -47,,,4/- COMPANY ® NEWARK 13, DEL. 
in Canada, 46 Hollinger Road, Toronto 16, Ont. 


-life insulation. CDF MICABOND is Flexible. COF MICABOND tapes provide high impact resistance. A reason why MICABOND 


assemblies. windings 


42 


was used as disc insulators for giant mag 
netic cranes. 
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available from stock Sumprow 
or custom-built open 


5205 W. Kinzie St., Chicago 44, Ill. 
3 9-1121 
In Canada: Bach-Simpson Ltd., London, Onterio 


Circle 132 on Inquiry Card 





MOTORS 


(other ratings 1/200 to 1 h.p.) 


““On-the-Job"' Bearing Inspection 
and Relubrication are Easy! 


Rossins & Myers motor bearings 

are fully sealed and pre-lubricated 

to operate for years without atten- 
tion of any kind. However, when maintenance schedules 
call for bearing inspection and relubrication at shorter inter- 
vals, RaM motors cut downtime and save labor expense by 
making these inspections easy. The bearing cap on each end 
head comes off quickly when the four securing bolts are 
removed. The bearing seal, held in place by removable snap 
rings, likewise, is easily removed to expose the interior of 
the bearing. 

Easily removable bearing caps are only one of RaM’s 
many desirable design features. Double width bearing races 
have extra-large grease capacity ... Mylar* insulation that 
has 8 times the dielectric strength and 35 times more mois- 
ture resistance than ordinary paper insulation . . . end 
heads offer full-height protection . . . dual-sweep ventila- 
tion assures efficient cooling. For details, write today for 
Bulletin 520 EM 


*DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 
SPRINGFIELD, OHIO + BRANTFORD, ONTARIO 
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if special application FHP motors are on your mind... 
write for RaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-EM 


fe med 
with resilient rings 


is 
re 


round body 
without resilient rings 


(i. 


; 


ca 


ratings from 1/100 to 1/3 horsepower 


ve 


ra 


rigid base mounting resilient base mounting 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional ond Integral HP Electric Motors * Electric Hoists ond Overhead Traveling Cranes * Moynog Industrial Pumps 


Propelloir, 


@ industriol Fons * R& M-Hunter Fons ond Electric Heat * Trade-Wind Range Hoods and Ventilotors 
Subsidiory componies of: Memphis, Tenn., Pico Rivera, Colif., Brantford, Ontario 
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New G-E silicone varnish helps make 
QHT transformers up to 50% smaller, 


35% lighter 


SR-220 HAS SUPERIOR THERMAL STABILITY. CURES AT 150°C 


New SR-220 silicone varnish with outstanding high temperature resistance and low cure temperatures offers new 
opportunities to improve equipment designs. General Electric's Specialty Transformer Dept. took full advan- 
tage of this design flexibility to reduce size, weight and noise level of new QHT dry-type transformers. SR-220 
cures in same ovens used for organic varnishes, has excellent shelf life and tank stability. Whether the design 
objective is more compact equipment, increased life, or extra overload capacity, SR-220 will meet the task. 
Thermal stability superior to conven- 
NEW LOW TEMPERATURE CURING VARNISH 4 tional silicone varnishes combined y 
with low-temperature (150°C) cure Y 
increases application range of sili- 
mectene STRENGTH VERGUS MEAT AomD. cone varnish. SR-220 offers im- 
ASTM 0-1346, GLASS TAPES provements for all classes of 
insulation — without requiring in- 
vestment in high-temperature ovens. 
New G-E Integral Distribution Cen- 
Someerramen, econ, ters also benefit from design flexi- 
bility afforded by silicone insulation: ' ' 
new compact design reduces floor J a 
space requirements 30% . Unit com- [-—— NeW Design ———>| 
bines QHT transformer with all CP See eneenty 
$9 @ 6 24 on equipment for switching and pro- Write to Section K1129, for free data: 
DAYS AGING AT 250°C tection of incoming line and out- “$ilicones for Electrical Insuletion.” 
going feeders. 


GENERAL @® ELECTRIC 


Silicone Products Department, Waterford, New York 


VOLTS PER wn 
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TO THE ENGINEER 
who wants to make 


the most of his etchings 


NOVEMBER 1960 


If your printed circuit board designs involve 
switching, you can count on getting the best 
results by using AE Class E relays with 
direct-connect terminals. 


Series EQPC relays, with end-mounted 
printed circuit lugs, occupy a minimum of 
board space, and furnish dramatic savings 
in assembly and wiring time. 


The AE Series EQPC printed circuit relay is a 
miniaturized version of the premium - quality 
Class B telephone-type relay, with many of its 


best features. Contact reliability exceeding 200 
million operations can be expected. 

Automatic Electric also supplies Class E re- 
lays with Taper-Tab terminals, and prewired 
for plug-in, with 8- to 20-prong octal plugs, 
with or without hermetically sealed contain- 
ers or dust-tight housings. 


Want details? Just write the Director, Con- 
trol Equipment Sales, Automatic Electric, 
Northlake, Illinois. Also ask for Circular 
1702-E on Relays for Industry, and the new 
Conversion Factors booklet. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS ay) 
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NO CHECK VALVE! Air cleans filter as it exhausts through the vent No check valve to clog and cause trouble 


ie 


VERTICAL SINTERED BRONZE FILTER 


TIME ADJUSTMENT SCREW 


SILICONE DIAPHRAGM 
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New! A Cutler-Hammer one-minute 
pneumatic timer that eliminates 
the troublesome check valve! 


Unique diaphragm design makes timer more accurate and dependable than any other 


The new Cutler-Hammer one-minute Pneu- 
matic Timer, by eliminating the conven- 
tional check valve, does away with failures 
caused by dust. 

Using a silicone diaphragm, this timer 
pulls fresh air in through a filtered vent, and 
on the exhaust stroke blows away any dust 
that may have collected on the surface of 
the filter. No chance for dust to affect ac- 
curate timing or make the timer inoperable. 
The silicone diaphragm works equally well 
150°F above zero or 45°F below zero. 

No other timer is more accurate. It ad- 
justs easily from .2 seconds to 60 seconds 
with a 74%4-turn screw that provides precise 
adjustment to the desired time setting. All 
you need is a screwdriver. And, it can be 


WHAT'S NEW? ASK... 


changed from “‘on delay”’ to “off delay”’ in 
seconds. Smallest electrical dimensions of 
any one-minute timer, too. Call your Cutler- 
Hammer distributor for full details or send 
for Publication LO71-W231. 


What's new at Cutler-Hammer? 
You can see the big change at Cutler- 
Hammer wherever you look. New, better 
products. New, expanded engineering staff 
and facilities. New added plant capacities. 
All done to help you meet the big oppor- 
tunities of this decade. 

If you're planning ahead, we'd like to 
show you how our talents and experience in 
electrical control could help you. Contact 
the nearest Cutler-Hammer sales office. 


CUTLER-HAMMER @q. 


Cutter-Hammer inc., Milwaukee, Wisconsin * Division: Airborne Instruments Laboratory « Subsidiary: Cutier- 
Hammer International, C. A. Associates: Canadian Cutler-+tammer, Lid.; Cutier+ammer Mexicana, S$. A. 
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“CYMEL | 


MELAMINE 


BEETLE 


UREA 


PLASTIC 


CYANAMID MOLDING COMPOUNDS 
SELF-EXTINGUISHING @ HIGH ARC 


ee mem NS f ed RESISTANCE @ DEPENDABLE ELECTRIC 


PROPERTIES UNDER ADVERSE CONDI- 
TIONS @ EXCELLENT ABRASION- 


Ot era aiie nce... RESISTANCE @ CHEMICAL RESISTANCE 


CYMEL 3135 — 3136 (glass-filled) Additional 
distinctive properties: outstanding electrical 
properties; high impact resistance; extraor- 
dinary flame resistance; good dimensional 
stability. Typical applications: circuit breaker 
boxes; terminal strips; connectors; coil forms; 
stand-off insulators. Specifications: Cymel 
3135 (MMI-30, MIL-M-14E, Federal L-M-181 
Type 8; ASTM 0704-55T Type 8); Cymel 3136 
(MIL-M-19061, MMI-5). 


CYMEL 592 (asbestos-filled) Additional dis- 
tinctive properties: resistance to atmospheric 
extremes; high dielectric strength. Typical 
applications: connector plugs; terminal 
biocks; a/c, automotive and heavy duty in- 
dustrial ignition parts. Specifications: 
MIL-M-14E MME; Fedefal. L-M-181 Type 2; 
ASTM 0D704-5S5T Type 2, SP! SPEC NO. 27025. 


CYMEL 1077 (alpha cellulose-filled) Additional 
distinctive properties: Surface hardness, heat 
resistance, unlimited color range. Typical 
applications: appliance housings, shaver 
housings, business machine keys. Specifica- 
tions: MIL-M-14E — Type CMG (in approved 
colors); Federal L-M-181 Type 1; ASTM D704- 
55T Type 1, SP! SPEC NO. 30026. 


CYMEL 1500 (wood flour-filled)—CYMEL 1502 
(alpha cellulose-filled) Additional distinctive 
properties: Good insert retention. Typical 
applications: meter blocks, ignition parts, 
terminal strips. Specifications: Cyme! 1500 
(MIL-M-14E Type CMG, Federal L-M-181 Type 
6, ASTM D704-55T Type 6); Cyme! 1502 (MIL-M- 
14E Type CMG, Federal L-M-181 Type 7; ASTM 
D704-55T Type 7. 


BEETLE® UREA (alpha-filied) Additional! dis- 
tinctive properties: Economy of fabrication, 
economy of material, myriad transiucent and 
opaque colors. Typical applications: wiring 
devices, home circuit breakers, tube bases, 
appliance housings. Specifications: Federal 
L-P-406A, LC 726-1, ASTM 0705-55, Grade 1 
(Arc resistance limits are in process of 
revision by ASTM), SP! SPEC NO. 27026, 


WRITE FOR COMPLETE TECHNICAL DATA. 


— <&wWANANAI DD | 


AMERICAN CYANAMID COMPANY « PLASTICS ANDO 
RESINS DIVISION - « 30 ROCKEFELLER PLAZA- 
NEW YORK 20, N. Y. OFFICES IN BOSTON « CHARLOTTE 
CHICAGO « CINCINNAT! « CLEVELAND « DALLAS « DETROIT 
LOS ANGELES ¢ MINNEAPOLIS « NEW YORK « OAKLAND 
PHILADELPHIA « ST LOUIS * SEATTLE « IN CANADA 
CYANAMIO OF CANADA LTD... MONTREAL AND TORONTO 


atersinsisearltcanicthion 4 
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New, tri-dimensional packaging and interconnecting of modern 
electronic functions. 


Here is simplicity from start to finish . . . the most complicated 
designs worked out on AMP-MECA’s graph layout sheets in hours 
rather than days or weeks . . . finished modular construction that’s 
“building-block”’ easy . . . extreme reliability and complete resist- 
ance to shock and vibration. 


Electronic functions are encapsulated for com- 

plete throw away or functions are assembled in 

open base cells for individual component re- 
placement. Easily replaced, pluggable AMP-Cells work independ- 
ently of or in harness with each other when programmed into AMP’s 
3-D circuit boards. 


Available in 0.1” or 0.2” grid systems, AMP-MECA offers tri-dimen- 
sional flexibility—cells can be made larger or smaller—stacked, 
spread or lined-up in unlimited scope to accommodate your design 
needs. And production can be set up to fit your goals... by hand, 
or by programmed automation. 


Learn how AMP-MECA can make it simple for you. Send for the 
full story on simplified interconnection of circuit functions and 
information on prototype assembly kits. 


| & a = - % s om fila, St, asin, g DeEPE geumen Boe, 
we —— > mJ & : e & bay nd Cc ) ae . e fees oP 
rae = & Mea ed : AE east Be # [- 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in. Australia « Canada « England « France « Holland e Italy « Japan « West Germany 
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for the most efficient 


CHEMICAL 


DIVISION 


and economical production of | 


forming gas mixtures 


.. provides by far the most economical and efficient method 
for the production of pure nitrogen — completely free of 
oxygen — and with hydrogen content precisely controlled 
at any desired percentage between 0.5% and 25%. Nitro- 
gen is supplied at a fraction of cylinder supply cost. 

The Nitroneal Generator is automatic except for startup, 
with no need for operating personnel. The unit performs 
instantly, efficiently anywhere in the range of from 25% to 
100% of rated capacity. Installation requires only a 110 
volt line, water, air, ammonia lines and drain facilities. 
Units can be supplied in capacities of 100 cfh to 10,000 cfh. 

.. The catalyst lasts indefinitely — maintenance costs are NITRONEAL" 


practically nil. Write for complete catalog material and data. 
GAS GENERATOR 


CHEMICAL DIVISION + 113 ASTOR STREET 
NEWARK, WN. J. 
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Platinum clad wire, sheet and tubing make it possible to in- 
corporate all the important desirable characteristics of the 
noble metals in equipment, at minimum cost. Platinum clad 
is pure platinum or an alloy of platinum so securely bonded 
to a base metal body thet the composite metal can be fab- 
ricated. The gauge of the platinum metal can be specified 
to requirements. The process guarantees continuous pore- 
free platinum cladding with a work function metal such as 
platinum or platinum alloy to perform at elevated temper- 
atures. Write for literature. 


Ta 


‘a 


BAKER PLATINUM DIVISION + 113 ASTOR STREET 
NEWARK, N. J. 
Circle 141 on Inquiry Card 


DOMESTIC OIVISIONS: AMERICAN PLATINUM & SILVER OIVISION * AMERSIL QUARTZ DIVISION * BAKER CONTACT DIVISION * GAKER DENTAL DIVISION * BAKER PLATINUM 
OIVISION * BAKER SETTING DIVISION * CHEMICAL DIVISION * HANOVIA LIGUID GOLD OFVISION * INSTRUMENTS © SYSTEMS OCIVISION * IFVINGTON BAKER FEFINING Ory 
SION * ©. £. MAKEPEACE DIVISION * RESEARCH & OEVELOPMENT DIVISION * 1 A. WILGON DIVISION. COMPANIES ABROAD: ENGEL HARD INDUSTRIES OF CANADA, LTO 
RONTO * ENGELMHARD INDUSTRIES LTO BAKER PLATINUM DIVISION, HANOVIA FRODUCTS DIVISION, LONDON * SOCIEDAD SURPAMERICANA DE METAL ES PRECIOSOS & A, BO 


PROMPT PRECIOUS METAL SCRAP RECOVERY SERVICE +» ENGELHARD PROCEDURES RECOVER 
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look to Amersil for all high purity 
fused quartz requirements. 


Amersil manufactures and fabricates high purity fused 
quartz for ultraviolet transmission applications, laboratory 
ware and production equipment. These products include 
standard apparatus, plain tubing in many intricate fabrica- 
tions, crucibles, trays, cylindrical containers and piping in 
a full range of sizes up to 25” in diameter. Ingots and plates 
are available in general commercial quality as well as in 
special optical grades. Amersil engineers are also prepared 
to assist in developing fused quartz and silica equipment 
for special requirements. Send for literature. 


AMERSIL QUARTZ DIVISION * 685 RAMSEY AVENUE 
HILLSIDE, N. J. 
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H. A. WILSON 


DIVISION 


sx::)  THERMOMETAL' for dependable 
temperature, electrical current and 
voltage control applications. 


Leading manufacturers depend upon the outstanding per- 
formance of Thermometal in electrical appliances, thermal 

THERMOME TAL cutouts, heating controls and many other applications in- 
volving the indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is supplied in 
strip form, rolled and slit to close tolerances and tempered 
to specification. Thermometal elements and sub-assemblies 
are also supplied to specifications, with or without contacts 
attached. Send for literature. 


THE PMOME TAL 


H. A. WILSON DIVISION «© U.S. HIGHWAY 22 
UNION, N. J. 
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GOTA * ENGELHARD INDUSTRIES €.A.F 1 PARIGC * ENGELHARD INDUSTRIES A/S. COPENHAGEN * GLOVER & GOODE PTY..LTD., MELBOURNE * ENGELHARD INDUSTRIES, K.K., 
TOKYO * ENGEL HARD INDUSTRIES, PTY LTO... MELBOURNE * ENGEL HARD INDUSTRIES, LTO. , ZURICH * INDUSTRIE ENGEL HARD S.P.A., ROME * GUILIANO STACCIOL!— METALL PRE. 
71080 &.F. A... POME * INVERSIONES EN INDUSTRIES NACIONALES, 6.A., BOGOTA ASSOCIATED COMPANIES: KALIE.CHEMIE-ENGELHARD KATALYSATOREN G.M.8.M., HANOVER 


100° OF ASSAYED PRECIOUS METAL CONTENT *  IRVINGTON-BAKER REFINING DIVISION 
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the’reign of confusion is over 


Newly Designed Westinghouse Breakers — 


The confusing assortment of letters that tagged the breakers of the past should trouble you no 
more. The reason: clear-cut designations for the new smaller size Westinghouse breaker family. 


New designations mean that specifying is simple . . . identifying each breaker is easy. 
High interrupting ratings in smaller frame sizes mean you save as much as 50% on space. 


The Westinghouse design means that you have extra-long life, unfailing reliability. 





J-30320 


- Are Simple to Specify /Easy to Identify 


Any way you look at it, the NEW Westinghouse breakers are the ones you'll want to use. 

More information? Contact your nearest Westinghouse representative, Westinghouse distributor, 
your independent panelboard builder . . . or write Westinghouse Electric Corporation, Standard 
Control Division, Beaver, Pa. 

For a large, plastic laminated wall chart of the new breaker line, write Westinghouse. 

All Westinghouse AB breakers meet or exceed NEMA and UL specifications. 


You can be sure. .. if it’s Westinghouse (~w) 
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F or fuses 
with 200,000 


ampere 


interrupting 


capacity... 


plus, extreme current limitation 
plus, time-lag to prevent needless blows 
you need Buss LOW-PEAK fuses 


A REVOLUTIONARY NEW PROTECTIVE DEVICE 


Buss LOW-PEAK fuses can completely revolu- 
tionize the protection of the entire electrical 
system. 


Protects Circuits, Motors, Controllers, Switches 
whether fault current is 1,000 amps., 100,000 or 
200,000 amps. 


Prevent damage to Panelboards, Controllers or 
other circuit components. Let-thru currents are 
limited to exceptionally low values. 


Can be easily coordinated into a selective system 
—to limit fault outages to circuit of origin. 


Prevent waste of time and money — because long 
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time-lag keeps them from opening needlessly on 
harmless over-loads. 


Permit increasing interrupting capacity and cur- 
rent limitation on present system at minimum cost. 
Fuses fit standard switches and panelboards. Avail- 
able from 15 to 600 amperes in both 250 and 600 
volt ranges. 


Remain safe throughout the years without main- 
tenance or recalibration. 
Write for Buss LOW-PEAK Bulletin LPCS 


BUSSMANN MFG. DIVISION, McGraw-Edison Co. 


University at Jefferson + St. Levis 7, Mo 
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do you know 
these facts 
about this 
fabulous 
plastic? 


Do you know that: 


@ National Vulcanized Fibre is not a 
paper, or a fiber-board, but a tough 


cellulosic plastic the oldest plastic 
ot all! 


@ Despite a parade of new exciting 
plastics (and we make many of them 

Vulcanized Fibre goes on sparking 
thousands and thousands of bright, 
new, cost-cutting ideas that other 
plastics aren't equal to! 


@ Vulcanized Fibre offers a most un 
usual combination of electrical and 
mechanical properties, giving your 
imagination more leeway. and you a 
greater chance of fingering the exact 
properties you want! 


@ National Vulcanized Fibre has out 
standing arc resistance, low thermal 
conductivity, amazing resiliency and 
shock-absorbency, high abrasive re 
sistance. It is fungus resistant. It 
soaks up noise! 


@® National Fibre can be formed or 
deep-drawn into intricate shapes; and 
machined, polished, painted, lac 
quered, embossed even used in 
combination with other materials, 
such as aluminum, wood, rubber, 
copper 


@ When used for railroad track insu 
lations, Vulcanized Fibre can take 
the constant pounding of trains, yet 
can gently cushion fragile electronic 
parts, when used for containers. And 
it has stood up under 22,000° F for 
ten seconds without serious loss in 
weight! 


@ Vulcanized Fibre weighs half as 
much as aluminum, one-third as much 
as steel, is smooth as glass, and is one 
of the strongest materials known per 
unit of weight! 


@ There are sixteen standard grades, 
including a fire-resistant ‘‘Pyronil.”’ 
And the cost of National Vulcanized 
Fibre is in the cents bracket, com 
pared to dollars for many other types 
ot plastic Ss 


@ This could be the plastic you are 
looking for now! 


For help on a present problem, or for 
information on National Vulcanized 
Fibre and samples, just write Dept 
R_ ,orcontact your nearby NVF Sales 
Office. You'll find the ‘phone number 
in Sweet's Product Design File 2b /Na 


NATIONAL 


VULCANIZED FEBRE CO.7 


in Canede 


WATIONAL FIBRE COMPANY OF CANADA LTD.. Toronto 3, Ontario 





Recycling Cam Timers, | to 
20 lead switches, 2/3 sec. to 
7? hours in 600 steps. Details 
in Bulletin 200, 201, 202, & 
203 


Tandem Recycling Timer, in 
terchangeable elements time 
cycles from 1/60 sec. to 3 
hours. Details in Bulletin =500 


Percentage Timer, dial oad 
justable for ON-OFF percent- 
oge of given time cycle. Detail: 
in Bulletin =500 


Explosion Proof Cam Timers, 
1 to 20 load switches, 2/3 sec. 
to 72 hours. Details in Bulletin 
#800. 
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Series SPC, 1/10 sec. to 5 
minutes, Auto-Reset, 10 omp 
contact rating, Bock mounted 
Details in Bylletin =300 


Series H, 1/10 sec. to 5 min., 
Avto-Reset, 10 amp. contact 
rating, flush mounted. Bulletin 


+300 


Series TD, 1/10 sec. to 5 min., 
Avto-Reset, 10 omp. contact 
rating, mounts through a hole 
Bulletin +300 


Series TDAF, 1/60 sec. to 3 
hours, instant reset, 10 omp 
contact rating, flush mounting 
Bulletin =300 


Series TOAB, 1/650 sec. to 3 
hours, instont reset, 10 omp 
contoct rotting, bock mounted 
or ovailoble in cose. Bulletin 
=300 


Series R, Hermetically Sealed, 
Ruggedized, time cycles from | 
sec. to 60 hours, 5 amp. con- 
toct rating. Details in Bulletin 
#600 


a] 


Series TH, Thermal Time Delay 
Switch, 10 amp. contact rating, 
time cycles from 15 sec. to 2 
minutes, snap action § switch. 
Details in Bulletin #301 


1428 Mc CARTER HIGHWAY 


NEWARK 4, N. J., U.S.A. 
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Series PAB, 1/60 sec. to 3 
hours, ovto-reset, 15 amp. con- 
tact rating, ovoilable in hous 
ing, or bock mount, extremely 
occurcte. Bulletin #400 


Series P, 1/10 sec. to 5 mir 
self powered, avto-reset, 10 
omp. contact rating Bulletin 
=400 


Series M, | minute only, 10 
omp. contact rating, avuto-reset 
Bulletin =400 


Series RS, 15 minutes to 60 
hours 0 omp. contact rating, 
monvol set. Request Bulletin 


=400 


Series PAF, 1/60 sec. to 3 
hours, instont reset, 15 omp 
contact rating, pane! mounting, 


extremely Bulletin 
#401 


accurate 


Series SAR, Avto-reset Signal- 
ling Timer, time cycles from 15 
min. to 3 hours. Bulletin 4402. 
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Series C-2, 1/10 sec. count 
to | hour count. Bulletin =700 


Series C-5, Time totolizer, re 
set to zero type, counts ovo! 
able from | sec to | hovwr 
Bulletin =700 


Series TTXP, Explosion Proof, 
external reset. Bulletin *800 


Series 73, Hermetically seoled 
ond ruggedized, same counts 
os Series C-2. Complete details 
in Bulletin #600 


Send for our Complete 
Timing Controls Catalog, 
free upon request... . 
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Heinemann’s new Series VP circuit breaker can give you elbow room to work with in engi- 
neering compact equipment. Just 2144” x 54” x 214” overall, it tips the scales at a piddling 
11% ounces, and requires only a half-inch of panel space (without the ON-OFF plate). Yet, 
small as it is, it can double in brass. The standard series-trip model, for example, can serve 
you as a toggle switch as well as overload protector. Other models with special internal 
circuit constructions (shunt-trip, relay-trip, calibrating-tap, auxiliary contacts) can do even 
more tu simplify a schematic, eliminate components. 0 Like all Heinemann circuit breakers, 
the VP breaker is magnetically actuated, has a hydraulically controlled, inverse time delay. 
Completely non-thermal, it doesn’t have to be de-rated for high ambient temperatures. 0 
You can have this breaker in any integral or fractional current rating from 0.050 to 15 
amps, for 110 V, 60 or 400 cycles AC, or 50 V DC. Our new Bulletin VP will give you more 
information. Drop us a line, and a copy’s yours. 


HEINEMANN ELECTRIC COMPANY <@> 101 BRUNSWICK PIKE, TRENTON 2, N.J. 


Try this breaker for size 
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ON WESTINGHOUSE 
SILICON POWER 





TRANSISTORS 3%. 


AVAILABLE NOW IN ANY QUANTITY! Now you can have the proven 
quality and reliability of Westinghouse Silicon Power Transistors at the lowest 
cost yet. Types 2N1015 and 2N1016 are available in 30, 60, 100, 150 and 200 
volt ratings in production quantities to meet your requirements at all times. 
Because these transistors have True Voltage Ratings, they can be operated 
continuously at full published voltage ratings without risk of failure. 





wn 


Other Westinghouse Transistor advan- 

tages include: 

@ High Power...up to 150 watts 

@ Collector current to 7.5 amperes 

@ Junction temperature to 150°C 

@ Designed to meet or exceed MIL 
specifications 

@ Extremely low saturation resistance 


Present industrial and military applica- 
tions include: Inverters - Regulators « 
Amplifiers - High Power Switching - 
Telemetry » Guidance - Power supplies. 

For additional information, and quo- 
tation of new low prices, call your near- 
est Westinghouse representative or 


semiconductor distributor. Or write: 
Westinghouse Electric Corporation, 


Semiconductor Department, Young- 


wood, Penna. You can be sure 
if it’s : 
Westinghouse ) 


Each 

Westinghouse 

Silicon 

Power Transistor is 
guaranteed by 100% power 
testing before shipment. 





True Voltage 

Ratings—you can 

operate Westinghouse Silicon 
Power Transistors at full rating 
without risking transistor failure. 


For immediate “off-the-shelf” delivery, order 
from these Westinghouse distributors: 


EASTERN 
Pittsburgh, Pe_/EX 1-4000 
Boston, Mass_/CO 7-4700 
Melbourne, Florida /PA 3-144) 
Camden, N_J_/WO 4.8560 


CAMERADIO 

CRAMER ELECTRONICS, INC 
ELECTRONIC SUPPLY 

GENERAL RADIO SUPPLY CO. INC 
RANN-ELLERT ELECTRONICS, INC Baltimore, Md_/TU 9.4242 
MILGRAY ELECTRONICS New York, WY _/RE 2.4400 
RADIO & ELECTRONIC PARTS CORP. Cleveland, Ohio/UT | -6060 
SCHWEBER ELECTRONICS Long Island, N.Y_/Pi 6-6520 
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MIDWESTERN 

ELECTRONIC COMPONENTS FOR INDUSTRY CO. 

St. Lowis, Mo_/WO 2-9917 
INTER-STATE RADIO & SUPPLY CO. Denver 4, Colo_/TA $-8257 
LENERT CO Houston, Texas CA 4.2663 
RADIO DISTRIBUTING CO indianapolis, Ind_/ME 7-557! 
SEMICONDUCTOR SPECIALISTS, INC Chicago, 1i_/NA 2-8860 
UNITED RADIO, INC Cincinnati, Ohio /MA | 6530 
WHOLESALE ELECTRONICS SUPPLY Dallas, Texas/TA 4.300) 

WESTERN 

ELMAR ELECTRONICS Oakland, Cald_/TE 4-3311 
HAMILTON ELECTRO SALES Los Angeles, Calif /BR 2-8453 
NEWARK ELECTRONICS CO Inglewood, Calif_/OR 4-8440 





SRANSPARI 


(NO AMBER TINT) 


ie Wy for easy identification 
TL Ler of coded wires 
sLEEV! 


New Resinite EP-69C, a transparent 
sleeving without amber tint, permits easy 
identification of color-coded wires and full 


CHECK THESE PROPERTIES readability of printed coding. An all- 


e@ High Dielectric: 900 volts/mil. (.016" wall ‘ : ‘ : 
Other wall thicknesses proportionate.) purpose material, EP-69C is available in 


© Wide Temperature Range: —75°F to 185°F conformance to MIL-I-631C (Grades a and 
(—60°C to 85°C). b, Class I and II, Cat. 1) and 

e Fiame, Fungus, and Corrosion Resistant. AMS-3630-B. EP-69C surpasses all 

@ No Tackiness: Slips easily over wires for MIL-I-631C requirements. For samples 


harness assemblies. 
e Full Size Range: #20AWG through 2'4"1D and performance data call your 


e 5 Colors: Transparent, black, white, red, blue. Resinite Distributor or write: 


e@ Soft-Wound Spooling: Exciusive Resinite RESINITE DEPARTMENT 
packaging delivers full-round (not flattened) 


sleeving. ne BORDEN 
Resinite—specialists in vinyl sleevings and tub- CHEMICAL 


ing for the aircraft, electronics and pharma- enema 
ceutical fields. © BORDEN CO 
1 Clark St., North Andover, Mass. - P.O. Box 430, Compton, Calif. 
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km a 1° / rnstrumente 


tells why they choose 


CROUSE /HINDS 


explosion-proof electrical equipment 


A Beckman Infrared Analyzer contained in 
Crouse-Hinds Condulet! Explosion-Proof en- 
closure. Threaded cover has been removed to 
show interior instrumentation 
@ “The Beckman Engineering Department 
specifies the use of Crouse-Hinds equipment in its 
process instrumentation for a variety of reasons. 


“We know that our own customers regard 
Crouse-Hinds as the industry standard in explosion- 
proof applications . . . 


“We also feel that Crouse-Hinds housings are 
fairly priced. The broad variety offered, the 
ready assistance available in acquiring modified 
or special units, and the reliable service on 
deliveries are the final arguments . . .” 


@ The exacting requirements of careful makers 
such as Beckman Instruments call for the extra 
margin of safety provided by Crouse-Hinds — 

in design, in construction, and in the minimizing 
of human error in installation, operation and 
maintenance. Yet there is economy of bulk that 
enables you to make best use of valuable plant 
or laboratory space. 


For expert assistance with any problem involving 
electrical equipment for hazardous areas, get in 
touch with nearest Crouse-Hinds office listed below. 


Same unit, with Condulet cover in place, 
Rat tM etal el tte de 
trically ignited explosions in flammable at- 
mospheres of vapors, gases or dusts 


OFFICES: Atlonta Baton Rovge Birmingham Boston Buifelo Cherlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Hovston Indionapolis Konsas City 
Los Angeles Milwovkee New Orleans New York Omoho Philedelphic Pittsburgh Portlend, Ore. St. Louis St. Pavl Solt Loke City Son Francisco Seattle Tulsa Weshington 


RESIDENT REPRESENTATIVES: Albony Boltimore Reading, Po. Richmond, Ve. CROUSE-HINDS COMPANY OF CANADA, LTD., TORONTO, ONT. 
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Puget Electro Products 
5028 First Avenue 
Seattle 1, Washington 


9 Bell Electronic Corporation 
306 E. Alondra 
Gardena, California 


9 Beli Electronic Corporation 
1070 O Brien Drive 
Menlo Park, California 


Radio Specialties Co., Inc. 
6323 Acoma Road, S. E. 
Albuquerque, New Mexico 


Engineering Supply Company 
6000 Denton Drive 
Dallas 35, Texas 


Harrison Equipment Co., Inc. 
1422 San Jacinto St. 
Houston 1, Texas 


Busacker Electronic Equipment 
Co., Inc 
1216 West Clay St., Houston 19, Texas 


Relay Sales 
P. O. Box 186 
West Chicago, Illinois 


~ Srepco, Inc. 
314 Leo Street, Dayton 4, Ohio 
9 Pioneer Electronic Supply 


Company 
2115 Prospect Avenue, Cleveland 15,Ohio 


iO Relay Supply, Inc. 
1492 Highland Avenue 


Needham 92, Massachusetts 


11 Avnet Electronics Corporation 
70 State Street 
Westbury, L. !., New York 


1 Electronic Supply 
1301 Hibiscus Boulevard 
P. O. Drawer 1655, Melbourne, Florida 





CLAREED sealed contact 
reed relay—A high reli- 
ability switching device 
available in a variety of 
packages. 


for immediate delivery 
at factory prices 


Here’s what this new CLARE serv- 
ice means to you: 


Top quality—the same fine de- 
sign and long life you get in CLARE 
custom-built relays and switches 


Fast service—overnight delivery 
on many items 


Easy purchasing—because you 
can order CLARE devices along with 
other components 


Able engineering assistance 
—available through CLARE field 
engineers, working in close cooper- 
ation with CLARE distributors. 


When standard CLARE relays or 
switches meet your needs, distrib- 
utor service saves you time, costs 
no more. When your special needs 
require custom design and produc- 
tion, CLARE custom-built devices 
give you exactly what you require. 


C. P. Clare & Co., 3101 Pratt Blud., 
Chicago 45, Illinois. In Canada: C. P. 
Clare Canada Ltd., P.O. Box 134, 
Downsview, Ontario. Cable Address: 
CLARELAY 


Relays and 
Related Contro/ Components 
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Selection ——= 


s--SPECIAL FEATURES 


OH MILE offers the largest and most 
varied assortment of power rheostats ever 
developed. 

You can choose from 413 stock com- 
mercial sizes and types ranging from 124 
to 1000 watts . . . or from over 400 stock 
MIL-R-22A sizes and values, with “special 
fast delivery” on all other MIL units. You 
can find, for example, scores of different 
shaft styles, sizes, configurations—already 
engineered and waiting. Literally, hundreds 
of other special features take care of any 
rheostat application envisioned today. 

But Ohmite rheostats give you more than 
just “largest selection.” Ohmite wire-wound 
units of all ceramic and metal construction 
represent the highest degree of operational 
reliability ever attained in rheostats. They 
bring you the backup of industry’s greatest 
reservoir of engineering talent in rheostat 
design and application. 

Because of this, you find more Ohmite 
units in use than all other makes combined. 
On your next project calling for rheostats, 
make your selection from the smooth, close 
control units preferred throughout industry. 


Stocked by the Factory 
and Electronic 
Distributors Everywhere 


OHMITE RHEOSTATS 
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EXTRA 
SERVICE LIFE 


WITH 
“MYLAR” 


SERVICE LIFE 
Se 


Motors 


Humidity, physical stress and heat 
are three major causes of motor failure 
Insulation of ““‘Mylar’’* polyester film 
helps overcome them . . . gives motors 
50 to 100“; longer trouble-free service 

Here’s why: Plain, unlaminated 
“‘Mylar” has 35 times the moisture 
resistance and 8 times the physical 
strength of rag paper. And the excel- 
lent electrical properties of ““Mylar’’ 
are virtually unchanged by tempera- 
ture in the Class B range. 


“Mylar” also cuts current leakage 
and shock hazard to a minimum be- 
cause its insulation resistance is un 
affected by moisture. 

All these benefits can be packed in 
to motors that are smaller . . . lighter 
Reason: “Mylar” can be used in thin- 
ner gauges, and its thermal stability 
allows motors to run hotter and de- 
velop more horsepower from a given 
frame size. And yet, motors insulated 
with “Mylar” polyester film frequent- 


This unique combination of properties gives ‘‘Mylar’’ 


superior insulating performance. 

e Average 4,000 

ASTM D-149 
cycles. 


volts per mil 


e Thermal stability from -60°C. to Class B range 


e Chemical and moisture resistance. 


@ Resistance to aging, abrasion, tearing and rotting 


dielectric 
Average power factor of 0.002 at 60 


strength 


cee 


18 CAPACITORS — Units insutsted with 

Mylar” heve superior moisture resis 
tance and longer ite meet highest 
felm@bslity standards 
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insulated with “Mylar’’* 
run trouble-free 50 to 100% longer 


those using 
other common types of insulation 
Whether you manufacture or buy 
electrical products, you can get im 
proved performance with Du Pont 
‘Mylar’. Figured on a square-foot 
basis, “‘Mylar’’ will often cost you less 
than your present material. For full 
facts on “‘Mylar’’, write for free book- 
let. E. I. du Pont de Nemours & Co 
Inc.), Room #14, Film Department, 
Wilmington 98, Delaware 


ly cost no more than 


DU PONT 


MYLAR 


POLYESTER FILM 
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Have you ever 
attended a Lamb Electric 


MOTOR CONFERENCE? 


lf you are planning a new product that will require a Special 
Fractional Horsepower motor . . . a Lamb District Engineer will set up a 
‘Personalized Motor Conference”’, just for you. 
Result: The RIGHT MOTOR produced at the most favorable cost. 
THE LAMB ELECTRIC COMPANY «+ KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Coneda: Lomb Electric — Division of Songamo Company itd. — Leaside, Ontario 


Lamb Elect bec 
el J ~a reactions nonscrowes MOTORS 


Divisions of American Machine and Metals, inc., New York 7, New York TROY LAUNDRY MACHINERY 
RIEHLE TESTING MACHINES + DE BOTHEZAT FANS * TOLHURST CENTRIFUGALS * FILTRATION ENGINEERS © FILTRATION FABRICS 
NIAGARA FILTERS * UNITED STATES GAUGE * RAHM INSTRUMENTS * LAMB ELECTRIC CO. * HUNTER SPRING CO. * GLASER-STEERS CORP. 
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Now, with one instrument, you can 


Lm at 


@) 411A Voltmeter 2 


Voltage Range: 10 mv rms ful! scale to 10 voits rms full 
scale in seven ranges. Full scale readings of 0.01, 0.03, 
0.1, 0.3, 1, 3 and 10 volts rms 

Frequency Range: 500 KC to 1,000 MC with accessory 
probe tips. 

Accuracy: 1 MC to 50 MC, +3% of full scale; 50 MC to 
150 MC, + 6% of full scale; 500 KC to 1,000 MC, *1 db. 

Meter Scales: Two linear voltage scales, 0 to 1 and 0 to 3, 
calibrated in the rms value of a sine wave. Db scale, 
calibrated from +3 to —12 db; 0 db = 1 mw in 50 ohms. 

Galvanometer Recorder Output: Proportional to meter 
deflection, 1 ma into 1000 ohms at full scale deflection. 

Probe Tip Furnished: Pen type Probe Tip, 500 KC to 50 
MC. Shunt capacity less than 3 picofarads at 1 voit, 
less than 4 picofarads at 10 mv. Shunt resistance de 
pends on voltage and frequency. 

Other Probe Tips Available at Additional Cost: VHF Probe 
Tip, 500 KC to 250 MC. Shunt capacity less than 1.5 
picofarads at 1 volt, less than 2 picofarads at 10 mv. 
Shunt resistance depends on voltage and frequency 
Type N “Tee” Probe Tip, 500 KC to 1,000 MC. SWR less 
than 1.15 when terminated in 50 ohms 
BNC Open Circuit Probe Tip, 500 KC to 500 MC 
100:1 Divider Probe Tip, 500 KC to 250 MC. Division ac- 
curacy + 1%. Shunt capacity 2 picofarads. Shunt re- 
sistance depends on voltage and frequency 

Power: 115/230 volts + 10%, 60 cps, 35 watts. 


Price: # Model 411A $450.00 


Data subject to change without notice. 
Prices f.o.b. factory. 
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instantly measure 


1,000 me! 


or any rf voltage 1 mv to 10 v, over the very broad 
bandwidth of 500 KC to 1,000 MC. Accuracy is higher 
than any similar voltmeter known. Measuring is as 


simple as “touch and read” on the big, high resolution 
linear scale. Annoying thermal drift errors are eliminated. 


Think of the times you would have liked to measure 
—with utmost accuracy—millivolts at rf frequen- 
cies. 

Now you can do it, easily and dependably, with one 
compact instrument—the new ® 411A VTVM. 
This remarkable instrument has true linear opera- 
tion—no correcting networks are required. 

It has high temperature stability—negligible ac- 
curacy change from 10° to 40°C. 

Such performance stems from a unique, ®-devel- 
oped circuit involving feedback applied to a diode- 
detector-dc amplifier arrangement; and further in- 
volving instantly replaceable, encapsulated, 
matched diodes! 


Truly, this circuit has to be seen and operated to be 
believed. Write for a detailed description (ask for 
& 411A Data Sheet) or better yet, call your ® rep 


for a bench demonstration. 


And how about these extra features: (a) the 
matched diodes are protected against burnout (b) 
probe is temperature compensated for low drift 
(c) @-developed amplifier photochopper elimi- 
nates contact noise, guarantees high sensitivity, 
zero-drift freedom (d) extra probe tips include 
units for high frequency measurement, for measur- 
ing on as well as at termination of coax transmis- 
sion lines, and a capacity divider increasing 411A 
voltage capability to 1,000 volts. 


Why put up with complex, cumbersome instruments? Get a new 
411A into action on your bench now! 


HEWLETT-PACKARD COMPANY 


1051M Page Mill Road, Palo Alto, California, U.S.A. 


Cable “HEWPACK” 


DAvenport 6-7000 


Sales representatives in all principal areas 
HEWLETT-PACKARD, S.A. Rue du Vieux Billard No. 1, Geneva, Switzerland 


Cable “HEWPACKSA” 
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Tel. No. (022) 26. 43. 36 
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Now you can give them this pre-sold functional 
improvement...and increase sales, too! > 


A convenience proven on a million phones. . . Coiled Cords will 

now give your appliances the same extra mass appeal. enititiaincs diel 
Coiled Cords provide housewives with safer neater 

work areas; are self-storing and bacteria resistant. Made 

of heavy duty cord, they are quality produced for 

extra-long service. No need to redesign your 


products... add no-Knot Coiled Cords HPN (HEATER) TYPE 
COILED CORD 


Extra-heavy Neoprene jacket. 


anytime! Available in plastic and color. 


Permonent flexing qualities. Extra 
thick insulation. Cord resists food 
chemicals, odors and may be wiped 
clean without damage to coil action. 


TYPE SP COILED CORD 


Available in SP-2 Type for fans, 
blenders, TV, radio, Hi-Fi, small hand 
tools and grooming devices. 


TYPE SV COILED CORD 


Ruggedly constructed to reduce 
probability of cord replacement. Ap- 


Cd 
j plicable to vacuum cleaners, port- 
‘ , able and stationary food mixers, etc. 
TYPE SJ COILED CORD 
Add another element of safety when 
L id opplied to heavy power tools, ra- 
Py “ : : 


dial saws, hand drills and pin- 


Miniature . spotters. 
female portable 


food miner 116 216 316 416 Cords to fit heat 
attachment plug Miniature plug Attached eyelets Standard plug Extension type probe elements 


* 
OTHER ESSEX ENGINEERED CONTROL COMPONENTS 


Wire and Cable RBM Relays | Industrial Plastics 
complete line of appliance Low cost, high quality relays | Flexible and rigid vinyl! ex- 

ring material, radio, tele pose: purpose, open and | truded shapes and foam cus- 
sion and electrome hook-up ; ermetically sealed, motor . tom designed and volume : 


e. 200° C high temperature Z t, starting, AC industrial con- manufactured to meet your 

1.X wire. automotive wires y tactors and starters for Com exact needs. Now producing 

and cables. and flexible cords munications, Electronic and for a variety of industrial ap- 
? ' . Appliance industries. plications. 


t 
oa R-B-M Controls Div., Carolina industial 
Wire and Cable Div : Essex Wire Corp. . Plastics Div. ; 


E Wire C Logansport, Ind. Essex Wire Corp. 
iScatacee” (90 ®. Hoot Myer Carie 


Write for samples or see your Cords, Lid. application engineer! 


CORDS LIMITED 


Division ESSEX WIRE CORPORATION 
DeKalb, Illinois 
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Alcoa Aluminum 
_.Mighest strength 
at lowest weight! 


CONTROL CABINETS MADE OF ALCOA ALUMINUM are easier to handle, easier 
to fabricate . . . cost less to ship . . . let your customers install 
your product faster and easier without expensive lifting equip- 
ment .. . drastically reduce future upkeep because Alcoa Alu- 
minum ig corrosion resistant . , . and maintenance-free. 


Build your products with Alcoa® Aluminum and you 
automatically combine the cost-saving benefits of 
high strength and low weight. New aluminum alloys 
with tensile strengths comparable to mild steel weigh 
only one-third as much. 

Alcoa Aluminum offers you many other advan- 
tages, too: you get more metal per pound than with 
steel, brass, nickel or copper . . . it’s easier to handle 

. . Nonmagnetic . . . nonsparking . . . easy to spin, 
form, bend, roll . . . costs only one-half as much as 
copper for equivalent current-carrying capacity .. . 
can be cast, forged, extruded or drawn .. . easily 
joined by practically any method .. . corrosion 
resistant, it requires virtually no maintenance. 

Ask an Alcoa sales engineer to show you how Alcoa 
Aluminum can put added values for you and your 
customer into the products you make .. . or write 
Aluminum Company of America, 2130-L. Alcoa 
Building, Pittsburgh 19, Pa. World-wide sales through 
Alcoa International, Inc., 230 Park Avenue, New 
York 17, N. Y. 


Your Guide to the Best 
in Aluminum Value 


iN ; For exciting drama watch “Alcoa Presents” 
every Tuesday, ABC-TV, and the Emmy 
Award winning “Alcoa Theatre’ alternate 
Mondays, NBC-TV 
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In multi-channel 
recording systems 
there Is 


NOTAING MOWEM csi ts monet te 


for today’s most advanced telemetry and computer systems. Providing the highest precision and 


proven reliability, Brush’s newest oscillograph instantaneously displays eight 40mm channels of 
analog data, plus two event markers. Sharp, easy-to-read traces on rectilinear coordinates. Accurate 
resolution of all signals and positive interpretation of amplitude is assured with 13 electrically 
controlled, precise chart speeds. All functions are operated by pushbutton and may be remotely 
controlled if desired. Unique auto-load system locks unit in any position for greatly simplified 
chart changing . . . without disturbing the styli. Take advantage of industry’s most advanced 


techniques in this space-saving vertical panel oscillograph. Get all the facts. Call, write or wire. 
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Brush ]KARey 

fills all 2 
requirements for 
multi-channel, multi-purpose 
i 


Brush versatile recording systems provide the answer. Whether your requirements call for this 
“pull-out”, horizontal model for convenient annotation and reading . . . or the newest in vertical 
panel recorders . . . you'll find all of the known refinements in the art of recording by direct writing. 
Rectilinear presentation gives clear, uniform, reproducible traces for precise readout. Up to 16 
chart speeds are selected by pushbutton; jam-proof transmission provides quick response. Inter- 
changeable “‘plug-in’’ signal conditioners permit four vital functions in addition to amplification 

high input impedance, zero suppression, attenuation and calibration. Event markers, internal timers, 
remote control and chart take-up are some of the available accessories. Check these advanced record 


ing systems for yourself and you'll see why no one is as qualified as Brush. Write for complete details. 


——_brush INSTRUMENTS 
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WHEN YOU NEED 


FAST SWITCHING specify 
new Hughes 2N1254-2N1259 
P-N-P transistors 


Here are the fastest switching n-n-p silicon mesa transistors ever 
developed. Look at these outstanding features: Typ. f, of 75MC... 
thin base region...low stored base charge ...low tst t,t)... 8 of 
1.5 min at 5OMC... 8 of 1.75 typ. at SOMC ...low collector capacitance. 
These transistors have good high-level gain characteristics, excep- 
tional low-level gain characteristics, plus high breakdown voltage. 
They give excellent performance at low voltages, and they are 


outstanding for high-voltage switching.° 


These new high-speed transistors are available in production 


quantities —right now! 


*The series is also available with the 


guration with es free an power 


° 


here @ Hughes sales office or authorized distributor ir wt area. Give them a cail 
foday. Or, if you prefer, write Hughes Semiconductor Division, Marketing Department, 


Newport Beach, California 
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Types—2N1255, 261257, 2N1259 Types-—2N 1255. 2N1257. 261259 Types—-2N 1255. 2N 1257. 2N1259 
0 .C. Current gain vs. Collector current OC. Current = vs Collector current 0.C. Current goin vs. Collector current 
t volt: Temp 25° + 3*e vce 1 volt; Temp 25*°e + 3c “ = 2 voltsTemp = 25°¢ + 3*c 
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ACTUAL SIZE 


NEW SANGAMO RESIN-COATED 


type 
SILVERED-MICA CAPACITORS... 


are significantly smalier...operate to +150°C...exceed 


proposed dipped-mica capacitor military specifications 


Sangamo experience with mica capacitors and years 
of engineering know-how and quality development un- 
derline two new Type D Resin-Coated Silvered-Mica 
Capacitors. Designed for operation at temperatures of 
+125° C and +150° C, both offer the advantages of 
radial leads, small size, full rated working voltage with- 
out derating, and a clean, moisture-sealed protective 
resin coating. Physical and electrical features of the 
Type D capacitor are ideal for etched circuits, high 
component-density equipments, missiles, computers, 
and instrumentation devices. Type D capacitors are 
available with characteristics C, D, E, or F, in nearly 
all capacitance values. 


Test these new Sangamo Type D Resin-Coated Silvered- 
Mica Capacitors — they more than meet proposed mili- 
tary specifications. Try them in your own circuits — 
they will fulfill all expectations of today's most critical 
applications. Those who know capacitors choose 
Sangamo for outstanding performance and long life. 


... Type D Resin-Coated Silvered-Mica Capacitors are 
an important part of the transistorized circuitry of this 
Sangamo Type 460 Tape Transport System. Their small 
size, high-temperature performance, and _ reliability 
contribute materially to the transport's recording uni- 
formity and play-back accuracy 


$C60.7 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


— designing toward the promise of tomorrow 
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after routing, 
clip and save 


ACTUAL SIZE 


a continuing series on technical topics 


of specific interest to engineers 


REFERENCE 


Folio 13 DATA FILE 


What constitutes a 
superior dipped-mica capacitor? 


Silvered-mica capacitors have achieved a reputation over 
many years of use for high stability and high reliability. 
Mica's inherent low power factor, high dielectric strength, 
low dielectric absorption and high insulation resistance 
have made mica capacitors most desirable in electronic 
circuits where good stability with respect to temperature, 
frequency, and aging are required. 


But refinements of mechanical features were required for 
today's high component-density equipment utilizing etched- 
circuit construction. Some of the requirements that led to 
development of the dipped mica capacitor were 


1. A protective covering, that is thermally and mechan- 
ically rugged, impervious to moisture, and non inflam- 
mable. 


Radial leads for rapid assembly, rigid mounting, and 
cool operation. 


. Small size and dimensional uniformity for more com- 
pact and standardized assemblies 


A glossy surface to which dirt does not adhere and 
which also enhances appearance. 


5. Lower cost through improved automated manufactur- 
ing techniques. 


Considering these requirements, Sangamo has designed two 
new Type D resin-coated, silvered-mica capacitors. They 
have a better coating resulting from finer materials used 
in the dipping process, and also possess the excellent per- 
formance characteristics previously established by other 
types of Sangamo silvered-mica capacitors 


MECHANICAL DESCRIPTION: The mica is carefully selected 
for electrical excellence and dimensional uniformity. The 
silver is screened on the mica and fired to effect a positive 
bond. A positive low-resistance connection is assured by 
clips and leads of tinned brass pressure clamped to the 
section 


Good thermal shock characteristics, moisture resistance, 
and a glossy surface are provided by five separate resin 
coatings that do not appreciably alter the electrical char- 
acteristics of the silvered-mica section. 


OPERATIONAL PERFORMANCE: 


Type D capacitors are avail- 
able in two maximum tem- 
perature ratings, + 125° C or 
+ 150° C. Both can be oper- 
ated at rated voltage with- 
out derating 


The insulation resistance for 
capacitance values is shown 
in Figure I for +25° C, 4 
125° C, and +150° C. 


These capacitors are available in C, D, E, or F character- 
istics over the temperature range of —55° C to +125° C 
or +150° C as shown in the following table; 


TABLE | 


' 
Temperoture Copocitonce 


Coefficient Drift 
ppm/*C Per Cent 


Availability 
of Choroacteristic 


Choracteristic 


+200 +0.5 All Values 
+100 +03 All Values 
~20 to +100 +(0.1 + 0.1 pf.) Above 20 pf. 


Oto +70 +(0.05 + 0.1 pf.)| Above 50 pf.) | 


~— ee 


The moisture resistance is given as an insulation resistance 
greater than 10,000 megohms after a ten day cycle out- 
lined in Method 106A, Figure 106-1 of Mil-Std-202B. 


Thermal and immersion cycling is given as an insulation 
resistance greater than 10,000 megohms when subjected to 
temperatures between —55° C and +125°C or +150°C as 
outlined in Method 102A, test condition D and Method 
104A, test condition B of Mil-Std-202B 


These capacitors will withstand a constant acceleration of 
20 G's in accordance with Mil-Std-202B, Method 204A, test 
condition D 


Values of Q at various frequencies are shown in Figure II. 


Type D capacitors can be 
stored at —55° C without in- 
jury. Case insulation strength 
is 200 per cent of rated volt- 
age 


They will have an insulation 
resistance of 10,000 megohms 
at +25° C after an accele- 
rated life test of 2,000 hours 
duration at 150 per cent of 
rated voltage, at high am- 
bient test temperatures of +125° C or +150° C. 


Acceptable Quality Levels (AQL) of completed units are 
fully met using the sampling plan set forth in Mil-Std- 
105A. This limits visual and mechanical AQL to 1.5%; 
Electrical AQL to 0.65% ; and environmental AQL to 2.5%. 


Sangamo also supplies the Type D as a non-standard ca- 
pacitor in accordance with special requirements. Where 
maximum dimensions are critical and military humidity 
specifications do not apply, Type D capacitors are avail- 
able with fewer resin coats. If circuit design requires a 
lower temperature coefficient, it can be provided when spe- 
cified. Where improved reliability is an important factor, 
Type D capacitors can be 100 per cent short-term, accele- 
rated life tested. In addition to straight lead design, Type 
D is also available with crimped leads which provide a 
positive stop when capacitors are mounted on etched-cir- 
cuit boards. 


$C60-8 


SANGAMO ELECTRIC COMPANY, Springfield, Illinois 


— designing toward the promise of tomorrow 
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PORTER-CABLE depends on 
USG* BRUSHES for the efficient power 
and endurance of their quality tools... 


Porter-Cable home and shop portable power 
tools are quality built to the highest standards 
in the industry. Contractors and builders, 
home craftsmen and hobbyists have come to 
expect Porter-Cable power tools to give long 
years of dependable, trouble-free service. 


Naturally, Porter-Cable specifies only the best 
components for their products, including 
USG Motor Brushes. 


Vital to power, efficiency and endurance of 
electrically powered units, USG Motor 
Brushes are giving excellent, maintenance- 
free service in thousands of applications in 
fractional H.P. and industrial type motors, 
generators, crane and mill motors, marine 
and transport motors and dynamos. 
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The United States Graphite Company manu- 
factures a complete line of motor and genera- 
tor brushes and contacts that include carbon, 
carbon-graphite, electro-graphitic, metal- 
graphite and silver graphite. 
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For complete information on USG brushes and contects, 
write for Catalogs B-56 and the USG grade list. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® lili © GRAMIX® powoER METALLURGY © MEXICAN? granite Propucts © USG® erusnes 
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OVERLOAD 
RELAYS 


GENERAL- 
PURPOSE 






CONTACTORS 


GENERAL- 
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GENERAL ELECTRIC DC CONTACTORS AND RELAYS 


Over 100 devices — available when you need them 


Now ... you don't need to wait for 
delivery of a particular contactor or 
relay ... or to carry a large inventory 

just to be sure you have the correct 
device for a job. With General Elec- 
tric’s new d-c contactors and relays- 
featuring “building-block” design—you 
assemble the device you want 
when you need it . . . from standard 
components right in your own plant. 
More than a hundred different devices 
can be assembled from a parts stock of 


as few as a dozen General Electric 
“building-block” components! 

This amazing versatility means im- 
mediate availability of any General 
Electric device. A “universal” contact 
block is the building unit for all types 
of contactors and relays. Choice of the 
frame-and-coil assembly and standard 
assembly kit permits variation in de- 
vices to meet your specific application. 

Three types of contactors and six 
types of relays—for general purpose, 


mill-duty, overload and timing applica- 
tions—can be assembled using this 
unique, cost-saving approach. 


NEED OTHER COMPONENTS? 

General Electric also has complete 
lines of plate rheostats and resistors 
for all your control needs. For more 
information, contact your General Elec- 
tric Sales Representative or mail this 
coupon today! Industry Control De- 
partment, Salem, Virginia. 


GENERAL @® ELECTRIC 


Te Section C784-26 
General Electric Co. 
Schenectady 5, N. Y. 

Please send the following bulletins: 
0 GEA-6621—D-< contactors and relays 
0 GEA-6592—Resistors 
O GEA-6474—Plate-type field rheostats 


Plate-type rheostets—windings are com- 
pletely encased in metal to give longer and 
more reliable service for any application. 


Resistors—vitreous-enameled and wire- and 
ribbon-wound types from 5 to 1210 watts. 
Fixed, slide-wire, or tapped types available. 


“ey. 
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SMOOTH, 
“CUSHION” START 


with new Century Electric 
part-winding start motor 


This new motor . . . at either 1200 or 
1800 rpm’s . will give you smooth, 
‘cushion” acceleration. No cogging, jerk- 
ing or jarring equipment. No sub-synchro- 
nous stalling. Just dependable torque with 
the same 407, reduction in starting current 
of all Century Electric part-winding motors. 


New winding —A special winding scheme 
makes this extra smooth start possible. 
Special cross connections are made between 
coil groups of the basic motor winding. 
Result: balanced stator field on first step 
position .. . no cogging . . . smooth accel- 
eration. Means that now motors will give 
better performance on part-winding start. 
Also, more time can be taken for acceler- 
ation because the winding does not go 
“across the line’’ until the rotor has reached 
a higher speed. 


Applications—Have an application 
where power company restrictions limit in- 
rush current? The complete line of Century 
Electric part-winding start motors is the 
answer. They provide the most economical 
and dependable way of starting equipment 
with low-starting torque such as fans, blow- 
ers, centrifugal pumps, and compressors, as 
well as reciprocating compressors equipped 


with unloading valves. And with new 
Century Electric part-winding motors 
heavier loads than ever before can now be 
brought smoothly up to speed. 


Construction—Century Electric part- 
winding start motors are available in ap- 
proximate range of 20 to 150 hp sizes and 
in speeds of 1200 and 1800 rpm. They all 
have the high quality construction features 
of all Century Electric squirrel cage induc- 
tion motors . . . coils are insulated with 
tough polyvinyl acetal resin . . . windings 
are dipped and baked with several coats of 
high temperature synthetic varnish which 
protect against oil fumes, mild acids and 
dust and grit . . . rotors are dynamically 
balanced so that motors run with extreme 
quietness and smoothness . . . rugged cast 
iron frame construction assures long life 
and low noise level. 


Application aid-—A Century Electric ap- 
plication engineer will be glad to discuss 
your part-winding start problems with you. 
Century Electric also makes a complete 
line of motors . . . all sizes and types from 
1/20 to 400 hp. For a copy of the new 
Century Electric Motor Application Guide, 
please write for bulletin 270A. 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


PER UNIT SPEED 
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PER UNIT Tonaue 10 
PER UNIT CURRENT -o 


SPEED-TORQUE curves show how transfer to full 


winding can be made at higher speed after current 
has fallen off. 
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How Aluminum Improves 


The Allis Chalmers Aluminum-Clad Substation 
stays new-looking outdoors, resists corrosion from 
salt air and contaminated atmospheres. Made of 
interlocking extruded sections, this unit is strong and 
rigid, requiring little or no maintenance. 


REYNOLDS ALUMINUM 


Watch Reynolds new TV Show “Harrigan & Son", Fridays; 
also “All Star Golf", Saturdays—ABC-TV. 
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Electrical Equipment and 
Reduces Costs 


e low cost 


e weather resistance 


e workability « high conductivity 


Aluminum is finding greater and greater acceptance 
as a material for electrical equipment in both struc- 
tural and conductor uses. It is performing these jobs 
more efficiently, and in many cases, at a much lower 
total cost than the materials it replaces. 


PROTECTS ELECTRICAL EQUIPMENT 
AND CONDUCTORS 


Aluminum equipment panels and structural members 
resist weathering and corrosion; they never rust; they 
need no painting or protective coatings. As a result, 
equipment made with Reynolds Aluminum requires 
less maintenance and protection. 

And panels can be fabricated quickly and economi- 
cally because aluminum is easy to machine and form. 
Easy to cut, easy to extrude, easy to bend and shape, 
aluminum holds production costs to a minimum. 


DESIGN FLEXIBILITY 
WITH ALUMINUM CONDUCTORS 


Aluminum strip conductor, a comparatively new 
development, was pioneered by Reynolds several 
years ago. Anodized strip is often used in trans- 
formers, magnetic clutches and brakes. The anodized 
film provides the insulation for a completely self- 
contained and compact circuit. Interleaved foil con- 
ductor can replace wire coils, providing equal 
conductivity at lower cost, higher dielectric strength, 
fewer “hot spots,”’ and simplified manufacturing. 
The customer can select his own interleaving mate- 
rial. Reynolds Aluminum strip conductor can simplify 
product and circuit design, save space and weight. 


ALUMINUM BUS CONDUCTOR 


Reynolds Aluminum bus bar, available bare or silver 
plated, offers an important price advantage over 
comparable conductors. Aluminum bus bars are 
available in a wide range of shapes and sizes to meet 
virtually any design requirement. Silver plated bus 
bar simplifies soldering, and permits higher operating 
temperatures with bolted joints. 

These are just a few examples of how Reynolds 
Aluminum is used to improve electrical equipment, 
and to reduce costs. 

For technical data and details on the properties 
of‘aluminum, call your local Reynolds office, or 
write Reynolds Metals Company, P.O. Box 2346-ED, 
Richmond 18, Virginia. 
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Sparton Automotive eliminated eleven parts in auto- 
mobile horn coils by using Reynolds Aluminum strip 
conductor. Higher dielectric strength was possible 
because of the interleaving material that could be 
used. Turn-to-turn voltage breakdown was reduced. 
The magnetic lines of flux were more uniform. Heat 
dissipation was improved, hot spots were eliminated. 


S &C Metalclad Switchgear uses Reynolds Aluminum 
Silver Plated Bus Bar. Space requirements were met 
with silver plated bus bar, and production was greatly 
simplified. Easily sawed, punched and formed without 
peeling or chipping, silver plated bus bar is lower in 
cost and much lighter in weight than equivalent 
copper bar. It requires no prior preparation, and meets 
all electrical code standards. 





SYLVANIA MAKES ALL THREE—ALLOY, CLAD AND PLATED WIRE 


One way to 


—let Sylvania give you an unbiased recommendation on wire 


In today’s designs for high-temperature products, this 
much is clear: wide variations in corrosion- and oxidation- 
resistance plus conductivity make wire selection all- 
important. 

You can simplify your design and specification problems 
by getting a Sylvania recommendation on wire. Sylvania 
knows wire, knows the particular advantages of each 
kind. In fact, of all major manufacturers, only Sylvania 
makes all three types of bare wire—alloy, clad and plated. 


Available in a complete range of sizes—.002 to .250, re- 
tains optimum characteristics at temperatures up to 
1600° F. 


Thus you can be sure a Sylvania wire recommendation 
will be objective—it will be based on your needs, and not 
limited by what the supplier can supply. Why not get 
full details and timesaving technical assistance today. 
Simply write Sylvania Electric Products Inc., Parts 
Division, Warren, Pennsylvania. 


WSYLVANIA 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS (& 
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America's modern way of doing business | © 


Men and machines of AIR EXPRESS deliver vital missile component with jet speed to Convair test site 


Priority service makes Air Express today's best way to ship 


At Convair's big Sycamore Canyon Test Facility in California, an Atlas missile stands ready for a 
static test firing. An eleventh-hour engineering refinement brings AiR EXPRESS service into the picture. 
AiR EXPRESS is constantly called on to speed new parts. It's all in the day's (or night's) work for this 
skilled shipping team. Here's what you get when you cal/ AiR EXPRESS: Priority service—first on, first off 
—on all 35 scheduled U. S. airlines « Kid-glove handling every mile of the way « Door-to-door pickup 
and delivery via 13,000 trucks (many radio-dispatched for 

maximum speed) « Teletype confirmation of receipt on 


request ¢ Service to 20,000 American communities coast to AlR EXPRESS 


coast«/t pays to think fast... think AIR EXPRESS first! 


& CALL AIR EXPRESS DIVISION OF RAILWAY EXPRESS AGENCY ¢ GETS THERE FIRST VIA U.S. SCHEDULED AIRLINES 
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This new Westinghouse BF relay is small and can be butted one against the other 
so that your control panels can be reduced in size as much as 50%. Result: valuable 
plant floor space available for additional machines. Because the relay is specifically 


designed for automated machine tools, you cut installed costs more than 20%. 


And since this relay is in stock, you get these savings NOW. 





feet here... 


Want more information on the 5-amp, 300-volt BF and its companion, the 


10-amp, 600-volt AF? Contact your nearest Westinghouse representative . . . or write 


Westinghouse Electric Corporation, Standard Control Division. Beaver, Pa. 


J-30321 


You can be sure...if it's Westinghouse (wr) 
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SERVICES EXPANDED TO INCLUDE 


PRODUCTION OF 


INSTRUMENT BEARING ASSEMBLIES 


By RICHARD H. CHERWIN, Executive Vice President 


New Hampshire Ball Bearings, Inc. 


New Hampshire Ball Bearings, Inc., has established a separate 
facility — the Rotassembly Division for the manufacture of 
instrument bearing assemblies to customer specifications. Pro- 
duction of shafts, housings, and pulleys of various configurations 
your designs may require is also included in this newest of serv- 
ices to instrument makers. We believe our experience in the 
manufacture of miniature and instrument ball bearings makes 
this a logical expansion of our activities. 
This new service can help you if you are having problems in any 
of these areas: 

Purchasing and handling instrument ball bearings; 

Cost of assembling such bearings into units with proper fits; 

Cost of purchasing various components from separate sources 

with delays caused by un-co-ordinate deliveries; 

Cost and difficulty of manufacturing components; 

High rate of rejects and costly tear-down of assembled end- 

products to correct failures. 


FREE DESIGN STUDY AND COSTING 


Activity here starts from designs submitted by you. Without 
obligation, experienced application and production engineers, 
also Division technicians, study your drawings with regard to 
these factors: Will the bearings function as required by the 
application? Can selection and mounting of the bearings be 
modified for better performance? Is the assembly a type and 
size compatible with NEW HAMPSHIRE’s experience and 
equipment? 


Circle 170 on 


PRECISION MANUFACTURE 


Instrument bearing assemblies accepted for manufacture are 
produced on the same types of precision machines that equip 
our Bearing Facility. Employing techniques developed to manu- 
facture NEW HAMPSHIRE Bearings to ABEC Class 7 and 
better tolerances, components of your unit are ground to 
tolerances required for proper, easy assembly. Costly rework 
and refitting are eliminated. Competent technicians staffing the 
Rotassembly Division are thoroughly experienced in custom 
work in cost-lowering production quantities. 


ASSEMBLY AND INSPECTION 
FOR TROUBLE-FREE PERFORMANCE 


Assembly and inspection of instrument bearing assemblies 
are done on the same equipment used to process NEW 
HAMPSHIRE miniature and instrument ball bearings. In dust- 
tree, temperature-controlled facilities, each component of your 
mechanical unit is critically inspected and tested before as- 
sembly, then the unit is functionally tested after assembly. 
Performance levels required of them are the same as for NEW 
HAMPSHIRE Bearings and fitting practices followed during 
assembly are as outlined in the “Design & Purchasing Manual 
Instrument bearing assemblies shipped to you are ready for 
installation into your products. 


MANUFACTURE IS RESTRICTED 


Manufacture is restricted to mechanical units in which 
correct installation and function of bearings are major 
critical elements in the performance of the assembled 
unit. We are not manufacturers of gears, gear trains, gear 
boxes, motors or electrical components and we are not 
qualified to produce these items. Relationship to instru- 
ment bearings is a primary qualification for all assemblies 
we elect to manufacture; it is in such types that our ex- 
perience can best help you 


INQUIRIES INVITED 


If you wish more information about the Rotassembly Division 
— and our newest service to instrument makers write or 
phone collect to the Regional Office in your area or the Main 
Plant in Peterborough. 


WESTERN REGION 
1540 North Highland Avenue 
Hollywood 28, California 
HOllywood 4-0208 


CENTRAL REGION 
566 Northwest Highway Route 202 
Des Plaines, Illinois Peterborough, New Hampshire 
VAnderbilt 7-6646 WAinut 4.3311 


NEW 
HAMPSHIRE 


EASTERN REGION 
61 Cutter Mill Road 
Great Neck, New York 
HUnter 2-8633 


NORTHEASTERN REGION 


BALL BEARINGS, INC. 
PETERBOROUGH, N. H. 
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Varmot is the newest addition to the famous Vartex line of 
quolity topes . . . designed especially for use where 
exceptional resistance to moisture is essential. A low power 
factor tape, Varmat also offers you high heat resistance and high 

> dielectric strength. It can be slit to any width and is ideal for 

4 wrapping. Typical applications include coil windings and cable 

; splicing. Varmat is supplied coated with black or yellow varnish 

or other moisture- and high heat-resistant coatings. 


DISTRIBUTORS 


Eor! 8. Beach Co., Pittsburgh, Po 


« 3 oa 
Phile. (Cliften Heights) P 
orths Ceted Seas danke ee New Jersey Wood Finishing Company 
John H. Cole, Company oes Cov. 1“? 
Electrical Insulation as Co., Rutherfor 4 
Electrical Insulation Suppliers, Inc., Atlenta Ge MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION 


Electric Motor Supply Company, Denver, Colo 


Henne & Ferguson, Rochester, N.Y WOODBRIDGE, N. b. 


Hippler Seles Compeny, Webster Groves, Mo. 


insulation Manufacturers Co Varnished Cambric Cloth and Tapes “VARSLOT" Combination Siot Insulation: —— 
Chicago, Il! Cleveland, O 


Deyten, O Milwevkes, Wis Varnished “Fibergias’’? Cloth and Tapes Rog Paper and Vartex Varnished Cambric 

Detroit, Mich Pittsburgh, Pa Varnished Silk and Silk Substitute Fish Paper and Vartex Varnished Cambric 

: . a “Se ee —. Colt Synthetic Resinous Tapes ond Extruded Tubing Rag Paper and “Mylar'’* Polyester Film 
aMmMoree, Los ngetes rxeley, Lotr oe o 

Punt, Inc., Floral Park, N.Y Cable Wrapping Tapes Asbestos Paper and ayer~ Polyester Film 

C. E. Riggs, Inc., Portland, Ore., Seattle, Wash Polyethylene, Sheets, Tapes and Extruded Tubing Kraft Paper and “Mylar’’* Polyester Film 


J. P. Scanton, Rochester, N.Y. “VARSIL” Silicone Varnished “Fibergias'’* Vartex Varnished “Fibergias”*t and 
Summers Electric Co., Inc., Dalles, Houston, 


: { Cloth and Tapes “Mylar'’* Polyester Film 
Sen Antonio, Austin, Texas 
White Supply Company, St. Louis, Mo Special combinations available upen request 


Export Agent: Lionel-Essex International Corp., New York, W.Y *Mylar, Ou Pont's registered trodemork | Fiberglas, Owens-Corning Fiberglas registered trademark 
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Here is another GIANT STEP toward optimum reliability... 


* Sprague Electric’s new COMPULYTIC Capacitors 
now permit digital computer power supply filtering 

at operating temperatures to 85 C as standard. This is a full 
20 C higher than capacitors offered by other sources. 
COMPULYTICS will reduce your design headaches and 
cut down your cooling and ventilating problems. 


===_rT 
compulytic 8m SPRAGUE 


130,000 uF 


ETA 25 VC 


Fla Meh, 
CSP Mm tls 
85 C operation 


* Under normal 85 C operating conditions, Type 32D 
COMPULYTIC Capacitors display extremely low leakage 
current, low equivalent series resistance, and have higher 
permissible ripple current values. Extended shelf life of 

3 years and more is another outstanding feature. 


* Ratings up to 130,000,F at 2.5 volts or 630uF 

at 450 volts are skillfully packed into the largest standard 
case size of 3" dia. by 4%" high. Capacitor banks as large 
as 1 farad have been constructed, in relatively small space, 
using COMPULYTIC Capacitors. 


* Because of their extremely high stability, COMPULYTICS 
are ideally suited for use in continuously adjustable voltage 
power supplies since they will not ‘deform’ when 

operated for long periods at lower than rated voltages. 


For complete specifications on Type 32D COMPULYTIC 


Aluminum Electrolytic Capacitors, write for Engineering a 
Bulletin 3441B to Technical Literature Section, 
Sprague Electric Co., 307 Marshall St., North Adams, 


Massachusetts. 
THE MARK OF RELIABILITY 
SPRAGUE COMPONENTS: 
CAPACITORS + RESISTORS + MAGNETIC COMPONENTS + TRANSISTORS + INTERFERENCE FILTERS + PULSE NETWORKS 
HIGH TEMPERATURE MAGNET WIRE + CERAMIC-BASE PRINTED NETWORKS + PACKAGED COMPONENT ASSEMBLIES 
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On Communicating 


One OF THE MOST appalling aberrations of com- 
munications——as it is interpreted by the “com 
munications industry” and widely accepted by 
those who ought to know better—is the use of 
language—spoken as well as written—to make an 
impression upon the audience, rather than to com- 
municate. Words are formulated, sentences aie 
constructed, emphasis is planned, primarily with 
the reader's potential interpretation in mind. 

Identifying with the reader—in the sense of 
being concerned that what he intends to say is 
communicated precisely as he means it—is surely 
the writer's proper concern. But when his success 
is measured not by the significance of his ideas, by 
the beauty of his words, not even by the precise 
coincidence between his intended meaning and 
the reader's understanding, but by his calculated 
mpact and the resulting effect, then communica- 
tion has deteriorated into propaganda, and a meet- 
ing of minds—the sole purpose of communication 

has become impossible. The writer has forsaken 
intellectual communication for emotional persua 
sion. In other words, he is consciously working at 
selling something to somebody. 

This may be comparatively harmless when it is 
used to paint glowing word-pictures, to “sell the 
sizzle, not the steak.” But it is disastrous when a 
thinker feels no 


thoughts as clearly and as truthfully as he can, 


longer free to set down his 


but must do so according to the criterion of mak 
ing it “easy to read” and of not offending those 
he is trying to “reach”. It is equally disastrous 
when a statesman does not take a stand, because 
he must not antagonize the prejudices of voters. 
It is shocking when a scientist and engineer 
glosses over the fact that he is building a ma- 
chine to relieve a human being from dangerous 
or stultifyingly dull work, because he must not 
“give the impression” that his invention will cost 
no matter how unsuited to a human 
being that job might be. It is appalling when an 
economist, or a sociologist, fails to mention the 


3s 
anyone 8 job 


need to plan intelligently for the reeducation of 
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workers who are displaced by machines, because 
he might be accused of “socialism”, or of being 
against “free enterprise” and the “profit system,” 
or against labor unions. 

When the population explosion is considered 
not a world-wide human problem to be solved, but 
a politically dangerous subject to be avoided, hu- 
manity stands at the brink of disaster with a pink 
ribbon tied over its eyes. When nuclear-bomb test- 
ing is treated not as a danger that must be averted, 
but as a dangerous topic that must be avoided, 
then the issue is no longer war-or-peace or life-or- 
death, but how-will-it-look. 

A writer is wasting his readers’ time if he 
tries to tell them what he thinks they want to hear, 
rather than what he knows he has to say. The 
reader is responsible for reading, the writer for 
writing. There must be an interchange of ideas 
between the writer and the reader, for reading, 
s writing, is an activity. The world can 
no longer be divided into the active and the pas- 
sive, into those who write and those who are 
written to. 

In this age of advanced technology there is the 
same truth for readers and writers. They share the 
same dangers, the same potential disasters. And 
they also share the same responsibility of using 
the inventions of man for the good of mankind. 
There is no time ‘for persuasion. Communication 
has never been more urgently needed. It has 
never been more important for writers to write 
truthfully, in the knowledge that their readers are 
reading creatively and intelligently. It has never 
been more urgent for readers to stop seeking for 
the “real” meaning in the spaces between the 
words and in the blanks between the lines. 

Let us communicate all our thoughts in the 
words and on the lines. 
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> > > Static Magnetic 


Multiplying the frequency of an a-c power 


source by the use of saturating magnetic 


components is an old technique, but effi- 


ciency of a new order is possible with the 
newer sharply saturating materials, and new 
rectifiers for systems employing d-c for core 
saturation. Multiplier operation based on 
both a-c and d-c saturation is related here to 
examples of the important variations of the 


principle. 


GORDON M. BELL 

Advanced Development Engineering 
Specialty Transformer Department 
Generar Exvecrric Company 

Fort Wayne, Indiana 


STATIC MAGNETIC frequency multipliers offer a range of 
output frequencies ranging from double the input fre- 
quency up to nine times the input frequency and possibly 
further. Operation of these multipliers is not excep- 
tionally complex. With the advent of sharply saturating 


Fig. 1—Idealized magnetization curve for core material for 
magnetic frequency multiplier. 
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materials such as Deltamax, very high efficiencies can 
be obtained; for large equipment, grain-oriented silicon 
steels are quite adequate and are more economical. Static 
magnetic frequency multipliers offer various output- 
voltage waveshapes, and the output voltage and current 
can be controlled by controlling the d-c bias. With the 
advent of silicon rectifiers, all the components of the 
multipliers can offer quite long life, and can be mounted 
in air-cooled enclosures. 

Inherent disadvantages of these multipliers include 
low-input power factor resulting from either a-c satura- 
tion or d-c saturation. Input power factor can be cor- 
rected by capacitor banks, but this is an added expense. 
For higher multiplication of frequency, cost is higher 
because of the larger number of components required. 
It is found that in some applications a static magnetic 
frequency tripler is competitive with rotating equipment 
at 180 cycles. In many cases it is found that static mul- 
tipliers are economically comparable with rotating equip- 
ment if the complete installation efficiency and mainte- 
nance are taken into consideration. 

In static magnetic frequency multipliers, both the out- 
put reactors and the current limiters are operating at 
the output frequency. This means that the losses in the 
steel are going to be very high because the steel is actually 
being pushed periodically into saturation in one direc- 
tion or both. In large frequency multipliers, convection 
air cooling of the core and coils is no longer adequate; 
in some large multipliers, water cooling of the coils and 
cores has been employed. 

Uses of Frequency Multipliers. Perhaps the great- 
est use of static magnetic frequency multipliers is with 
fluorescent lamps. At 60 cycles a fluorescent lamp must 
be ballasted by large inductive ballasts which create 
losses. At 360 cycles a fluorescent lamp can be ballasted 
by a capacitor that is a fraction of the weight and size 
of an inductive ballast and has negligible losses. Static 
magnetic frequency multipliers have also been used for 
the production of higher-frequency supply voltages for 
faster response magnetic amplifiers, for induction heat- 
ing and the operation of high speed motors. 


Basic Principles 


The production of higher frequencies in static mag- 
netic devices depends upon their saturation, which can 
be accomplished in two ways. For a-c saturation, the 
a-c input voltage is increased to a point where the mag- 
netic components are actually driven into saturation. 
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Frequency Multipliers 


Direct-current saturation is produced by d-c flowing 
either in the same winding as the a-c input, or in a separ- 
ate winding on the same magnetic core. Frequency mul- 
tiplying takes place fundamentally because of the cyclic 
saturation and de-saturation of a reactor or of reactors 
during particular portions of the input-voltage wave. 
For lucidity in exploring static magnetic frequency 
principles, certain simplifying assumptions 
and terms are employed. The magnetization curve for 
the magnetic material will be considered as shown in 
Fig. 1, in which the magnetizing force is linear with 
the flux density up to saturation; after saturation, the 
flux density remains relatively constant. In Fig. 1, the 
loop does not show any width, so that zero loss in the 
magnetic material is assumed. Internal resistances of the 
circuits are considered to be negligible compared to 
load resistance; steady-state conditions only are assumed. 
The “figure of merit” or the factor by which fre- 


multiplier 


quency multipliers are compared to other devices is 
called the rating factor. The rating factors is defined as: 


RE sum of VA ratings of all windings 
VA output 

The volt-second rating of any reactor used in static 
magnetic frequency multipliers is defined as the integral 
from t, to t, of the product of volts and time. This is the 
“amount of volt-second” that the reactor can absorb or 
must absorb in its unsaturated region to operate properly 
in a static magnetic frequency multiplier circuit. If it 
is known what portion of an input voltage wave a reactor 
must absorb, then the volt-second rating of that reactor 
can be determined. A relation between the volt-second 
rating of a reactor and its physical parameters can be 
established: 


do 
N dt 
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The Simple Doubler. This circuit was the first fre- 
quency multiplier to be devised. The circuit diagram 
of the simple doubler and the voltages and currents in- 
volved are shown in Fig. 2. This circuit shows that it 
involves two reactors, A and B, a d-c supply and a choke 
to keep a-c current from flowing in the d-c supply circuit. 
It will be noted that the primaries of the two reactors are 
connected in series, but the secondaries are connected in 
series bucking. It is assumed that we have no load on 
the multiplier at the particular moment, and that d-c is 
flowing and saturating the reactors A and B to a value 
out on the saturated portion of the magnetization curve 
for these reactors. If we consider the time when the in- 
put voltage is positive on terminal No. 1 and has reached 
its peak value, we see that the magnetizing current has 
suddenly reversed from a negative value to a positive 
value. This will occur because the magnetizing current 
is lagging the applied voltage by 90 deg, even though 


Sof. tran sformers 


Fig. 2— Circuit and voltage relationships for simple doubler. 





the reactors are saturated. When the current does re- 
verse and is flowing in the direction of the arrow, we 
see that it will increase in the positive direction until one 
of the reactors de-saturates. If we assume that the 
number of turns in the primary equals the number of 
turns in the secondary, the a-c will increase until one 
of the reactors de-saturates. The a-c will increase until 
it is equal to the d-c value and reactor B will de-saturate. 
The arrow or the direction of the a-c in reactor B is in 
opposition to the direction of the arrow of the d-c, and 
when the value of the a-c equals the value of the d-c, 
reactor B de-saturates. 

The arrow in the primary of reactor A is in the same 
direction as the arrow of the d-c in the secondary and, 
therefore, reactor A is pushed far out into saturation. 
This means, then, that when the input voltage reaches 
its positive maximum value, reactor B starts absorbing 
the voltage and from the polarities of the windings indi- 
cated it shows that output terminal No. 4 then is positive. 
Reactor B remains unsaturated from the time the input 
voltage reaches its positive peak to the time that it 
reaches its negative peak value. At this time the input 
magnetizing current again reverses, suddenly increasing 
to a negative value of the /,... when reactor A then de- 
saturates. 

As reactor A de-saturates, reactor B saturates and is 
driven further out into saturation by the input a-c mag- 
netizing current. At the time that reactor A de-saturates, 
the input voltage is at its negative peak value. This 
means that the dotted end of the primary of reactor A 
is negative; then the dotted end of the secondary of 
reactor A also is negative, making output terminal No. 


Fig. 3—Circuit and voltage relationships, a-c saturated tripler. 
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1 positive and producing a reversal in the output voltage 
as shown in Fig. 2. 

Reactor A remains unsaturated and produces the out- 
put voltage from the period where the input voltage is 
at its negative peak value until the input voltage reaches 
its positive peak value again. At this point the input 
magnetizing current again reverses, saturating reactor B 
and producing another reversal in the output voltage. 
Thus, we have produced in the output circuit of this 
simple doubler a frequency that is the second harmonic 
of the input frequency. 

So far, we have considered only the no-load char- 
acteristic of this simple doubler and we see that the a-c 
input current is as shown in Fig. 2. The no-load input 
a-c is a current that reverses suddenly at each reversal 
of the output voltage and remains flat-top because all it 
has to do is to counteract the d-c mmf in the cores. If 
we apply a resistive load to the output terminals 3 and 
1, the output current drawn in this resistive load will 
have the same shape as the output voltage and will be 
in phase with the output voltage. This is shown at the 


» 


bottom of Fig. &. 


It will be noted that in the secondaries of the reactors 
the a-c load current drawn will, in one direction, be in 
the same direction as the d-c bias and, in the other direc 
tion, will be in the direction opposite to the d-c bias. 
This means, then, at a particular resistive load value the 
peak a-c in the load will be just equal to the d-c bias 
value. If the load resistance is reduced slightly, then 
the a-c drawn in the load when in opposition to the d-c 
bias will try to become greater than the d-c bias. How- 
ever, this will not be possible because, when the d- 
bias is zero, both reactors become unsaturated and, since 
their secondaries are in opposition, the simple doubler 
will not produce any further output voltage. However, 
when the load current is in the same direction as the d-c 
bias, this condition of current limiting will not exist. 
This is the reason for the statement that a simple d-c 
saturated doubler is current-limiting in one direction but 
is not current-limiting in the other direction. It is seen 
that if a symmetrical output voltage and current are to be 
obtained from a simple doubler, the load resistance 
cannot be less than a certain value, and this value is 
shown in Fig. 2. 

It is essential that the operation of the simple doubler 
be understood because it is basic to all other circuits. 
It will be noted that the volt-second rating of reactor A 
or reactor B can be determined by integrating the input- 
voltage sine-wave over the period from when the input 
voltage is at its positive peak to the crossing of the zero 
line. This would be the theoretical volt-second rating of 
the reactor and the flux density of the core would vary 
from the peak in one direction to a peak in the other 
direction. It is usually desirable to design the reactors 
for a doubler to absorb more volt-seconds than the 
theoretical value because it is not desirable to approach 
saturation in the other direction closely. 

The A-C Saturated Tripler. The input voltage is 
three phase and the output is single phase, third 
harmonic. A circuit diagram is shown in Fig. 3. This 
may be recognized as three single-phase transformers 
with their primaries connected in a wye with the neutral 
floating and the secondaries connected open-delta. As 
in any transformer connected in this fashion, if the 
primaries of the three-phase transformer are over-excited, 
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a third harmonic is produced in the open-delta secondary. 

In the a-c saturated tripler, Fig. 3, it is again assumed 
that operation is steady-state and that the input-phase 
voltages A, B and C are as shown. The volt-second rating 
of the primaries of the reactors is based on the condition 
that, at any time, only one reactor is saturated and the 
other two are unsaturated. The reactors are designed 
to absorb the phase-to-neutral voltage of each phase so 
that during the first and the last 30 deg of each half cycle 
the reactors are saturated.(])* The output voltage is 
the sum of the voltages induced in the three secondary 
windings and takes the form shown in Fig. 3.(2) Refer- 
ring to the vector diagram, the output voltage is the 
sum of the voltages induced in the three secondary wind- 
ings: 


: 
” 


The output voltage of this type of tripler is extremely 
sensitive to the input voltage; a small change of input 
voltage will produce a large change of output voltage. 
This tripler is, however, relatively simple, containing 
fewer components than any d-c saturated tripler, and it 
has the lowest rating factor of any of the triplers. 

The D-C Saturated Tripler. A circuit diagram of 
this tripler and the associated input and output voltages 
and currents is shown in Fig. 4.(2) It will be noted that 
the primary of this d-c saturated tripler is connected in 
wye much the same as the a-c saturated tripler. However, 
it will be noted that the secondary windings connected 
in open-delta contain a direct current called the bias 
current. This is from a d-c source Ey. and flows 
through an a-c choke before it goes into the secondary 
windings of the tripler. 


The operation of the d-c saturated tripler is in some 
In the d- 
saturated tripler the primaries of the reactors are de 


respects the same as the a-c saturated triplet 


signed so that they will absorb the same amount of volt- 
seconds as in the a-c system. Also, as in the a-c saturated 
tripler, only one reactor can be saturated at a time so 
as not to produce a short circuit between any two phases 
However, due to the d-c saturation, each reactor is 
saturated during the last 60 deg of one half-cycle and 
the first 60 deg of the following half-cycle: during the 
remainder of the half-cycle they are unsaturated. This 
produces in the secondary or output winding of the 
tripler a voltage waveform as shown in the last view 
of Fig. 4. Here again, the output voltage of this d-c 
saturated tripler is the sum of the voltages induced in 
the secondary windings and has the same value as de- 
termined in the output voltage of the a-c saturated tripler. 

If a resistive load is applied to the output terminals 
of the d-c unit, then the output current takes the same 
shape as the output voltage, Fig. 4. With a one-to-one 
turns ratio on the reactors, the peak value of output 
current that can be drawn from this tripler is equal to 
the d-c bias level, corresponding to a certain value of 
resistive load. If lower resistance is applied, the load 
will try to draw more current from the tripler than the 
d-c bias level. However, the peak value of the output 
current cannot go beyond the d-c bias level. so that the 
output current wave will start to have a flat portion on 


* Ital numerals in parentheses refer to Cited References at end of article 
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Fig. 4— Cireuit and voltage relationships, d-c saturated tripler. 


the top or bottom; this tripler is current-limiting in one 
direction only. This is what is known as the current- 
limiting feature of the d-c saturated tripler. The input 
no-load current in Phase A is shown in Fig. 4 also, and 
any load current will be superimposed upon this no-load 
phase current. The d-c saturated tripler has the advantage 
that it is not as sensitive to input voltage as the a-c 
saturated tripler, but the reactors have to be designed 
for higher ratings because of the d-c flowing in the 
secondaries, resulting in a higher rating factor than the 
a-c saturated tripler. 


Circuit for improved tripler. (U.S. Patent 2,892,142 — 
. Genuit.) 
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Fig. 6 — Voltage relationships, improved tripler. 


The d-c saturated tripler can be combined with another 
similar tripler in a series voltage connection with a 
common d-c bias and supplied from the same input 
voltages to produce an almost square output-voltage 
wave. The d-c bias current can be supplied to the second- 
ary windings of both the triplers in a series fashion to 
keep the d-c saturation of all the reactors at the same 
level. Even though the load is divided between the two 
triplers, this symmetrical tripler, as it is called, still 
has a rating factor that is larger than the rating factor 
of the a-c saturated tripler. 

The “improved” Tripler. The circuit diagram, Fig. 
5, is considered basic to the frequency multipliers of 
almost any type shown or considered in the following; 
the explanation of the later frequency multipliers is based 
upon this one. This input- and output-voltage waveshapes 
are shown in Fig. 6. 

The output reactors Nos. 1, 2 and 3 are again connected 
essentially in wye and their secondaries are again con- 
nected in an open delta. The output reactor’s secondaries 
do not contain any d-c saturation. Inside the output 
reactor arrangement and connected in delta are 6 reactors 
for current limiting. The secondaries of all the current- 
limiting reactors carry d-c bias supplied from a d-c 
source through a choke. In each leg of the delta the 
current-limiting reactors are oppositely biased. If the 
d-c bias is applied to the current-limiting reactors before 
any a-c voltage is applied to the input terminals of the 
tripler, the current limiters will be saturated in those 
directions shown by the arrows prior to the application 


of a-c input voltage. It will be recalled that when a-c 
input voltage is applied at A, B and C the magnetizing 
currents of the output reactors are lagging the input 
voltages by 90 deg and that we will consider only the 
steady-state condition of the voltages and currents. 

When the Phase A voltage is approaching its positive 
maximum value, the magnetizing current for Phase A is 
then approaching zero from the negative value. Since 
the flux in reactor A is in phase with the magnetizing 
current, then the flux in the core of reactor A is 
approaching zero from the negative side. The volt-second 
rating of reactor A is such that at the point where the 
Phase A voltage is at 60 deg (or 30 deg before the 
maximum value) reactor A de-saturates. 

In reactor No. 2, the magnetizing current and also 
the flux are negative and approaching maximum values. 
This means that due to the design or the number of 
volt-seconds that reactor No. 2 can absorb, reactor No. 
2 at this time is saturated. In reactor No. 3, the magne- 
tizing current and also the flux are at their maximum 
values, and reactor No. 3 is also saturated. Consider 
that all the current-limiting reactors are saturated be- 
cause of d-c bias in their secondaries. Current in Phase 
C is positive and current in Phase B is negative, and 
since all the reactors except reactor No. 1 are saturated, 
the current will increase going from Phase C te Phase B, 
flowing through two branches of the current-limiting 
reactors. The current could go through reactors Nos. 6 
and 7 and also through 4, 5, 8 and 9. The current in the 
a-c windings of the current-limiting reactors will rise 
until the ampere turns in the a-c windings of the current- 
limiting reactors equal the ampere turns in their second- 
aries. 

Reactors Nos. 4, 7 and 8 could de-saturate when the 
ampere-turns in the a-c windings equal the ampere-turns 
in the d-c windings. In actual practice, if there is some 
load current being drawn in the secondary of reactor 
No. 1, then there is some load current coming into 
Phase A, which means that the current in the primaries 
of reactors Nos. 4 and 5 is larger than the current in 
reactors Nos. 8 and 9, and that actually current-limiting 
reactors Nos. 4 and 7 de-saturate and reactor No. 1 is 
applied across Phases A and C. 

Reactors Nos. 5, 6 and 9 will remain saturated and 
actually be pushed further into saturation because the 
current in their primaries is in the same direction as the 
d-c bias. Reactor No. 8 will be saturated because the 
current flowing in the primary is not enough to over 
come the ampere-turns of d-c bias. Essentially, reactor 
No. 1 is applied across Phases A and C and reactors 
Nos. 4 and 7 in parallel are applied across Phases C and 
B. This condition remains for a period of 60 deg while 
the Phase A voltage goes from 60 deg to 120 deg. The 
output-voltage pulse that appears in the output is as 
shown in Fig. 6. During this same period the current. 
limiting reactors 4 and 7 have absorbed the voltage be- 
tween Phases C and B, as shown in Fig. 6. 

At the end of the 60 deg period, reactor A actually 
saturates in the opposite direction. At the same time, 
the flux in reactor No. 3 is positive and approaching 
zero, so reactor No. 3 de-saturates when Phase A voltage 
reaches 120 deg. Reactor No. 2 remains saturated be- 
cause the magnetizing current and its flux have reached 
a negative peak value. Current now flows from Phase 
A to Phase B and current-limiting reactors Nos. 4 and 
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9 are unsaturated. This means that current limiter No. 4 
remains unsaturated and current-limiting reactor No. 9 
becomes unsaturated because there is some current flow- 
ing out of Phase C; the current in the primary of reactor 
No. 9 is somewhat larger than the current flowing in 
the primary of reactor No. 7 and reactor No. 9 de- 
saturates. Reactor No. 7 then becomes saturated. Reactor 
No. 3 is applied from Phase C to B and the current- 
limiting reactors in parallel are applied across Phases 
A and B. This condition remains for the next 60-deg 
period when Phase C is going from 120 to 180 deg. The 
voltage pulse produced by reactor No. 3 is in opposite 
polarity to the pulse produced by reactor No. 1, so there 
has been a reversal of output voltage as shown in Fig. 6. 

At the end of the 60-deg period described above, 
reactor C saturates in the opposite direction from that 
in which it was saturated previously, and reactor No. 2 
de-saturates. When reactor No. 2 de-saturates, current 
flows from Phase A to Phase C so that current-limiting 
reactor No. 9 remains unsaturated and current limiter 
No. 6 de-saturates. Reactor No. 2 is applied from 
terminals B to A and current limiters Nos. 9 and 6 
in parallel are applied across terminals C and B. The 
output-voltage pulse produced by reactor No. 2 is as 
shown in Fig. 6 and is again reversed from the previous 
pulse, so that we have produced three voltage pulses in 
180 deg, thereby producing a third harmonic voltage. 
The same reasoning for the remaining pulses can be ap- 
plied to determine which output reactor and which cur- 
rent-limiting reactors de-saturate. 

If a resistive load is applied to the output terminals 
of this improved tripler, then the output current will 
have a shape similar to the output voltage. By full-load 
resistive conditions is meant the maximum amount of 
current that can be drawn from this tripler without 
going into current limiting, Fig. 6. Here again, in this 
tripler, if a current larger than the d-c bias is attempted, 
certain reactors de-saturate to limit the current to the 
d-c bias level. 

If the turns ratio between the primary and secondaries 
of all reactors is 1, and the d-c bias level is /,.., then 
it can be shown that the output current cannot be greater 
than /,... If we go back to the first period considered, 
when Phase A is going from 60 deg to 120 deg, we said 
that the current for the current limiters was flowing 
from Phase C to Phase B. Thus, the maximum a-c that 
can flow in reactor No. 7 is /,.. and the maximum cur- 
rent that can flow in the primaries of the current limiters 
through reactors Nos. 8 and 9 and then through Nos. 
4 and 5 is also /,... This means that the current coming 
into Phase C is 2/,.. and the current flowing out of 
Phase B is 2/,... 

When reactor No. 1 is producing the eutput-voltage 
pulse, the dotted end of the primary of reactor No. 1 
is positive, and thus the dotted end of the secondary 
of reactor No. 1 is also positive. Load current will flow 
from the undotted end to the dotted end of the second- 
ary of reactor No. 1 and flow from the dotted end to 
the undotted end in the primary of reactor No. 1. Any 
load current flowing in the primary of reactor No. 1 will 
combine with the currents flowing in the current-limiter 
section at the junction where reactor No. 1 connects 
into the delta arrangement. 

Since the maximum amount of current flowing in the 
primary of reactor No. 4 can be only /,.., then, as the 
load current in the primary of reactor No. 1 increases, 


the current in the primaries of reactors Nos. 8 and 9 
decreases; the current into Phase C decreases. When 
the current in the secondary of reactor No. 1 reaches 
I,.c, this means that the current in the secondary of 
reactor No. 3 is also /,... The current then in the primary 
of reactor No. 1 is also /,.. and the current in the 
primaries of reactors Nos. 8 and 9 is zero. The current 
coming into Phase C is J... and the current in the 
secondary of reactor No. 3 is also /,..; therefore, re- 
actor No. 3 de-saturates. When reactor No. 3 de-saturates, 
the voltage between Phases A and C divides among the 
two reactors, producing equal amounts of voltage (of 
opposite polarity), in reactors Nos. 1 and 3, therefore 
cancelling each other out, and the output current cannot 
increase. 

For the next 60 deg, when reactor No. 3 is unsaturated 
and producing output voltage, reactor No. 2 would be- 
come de-saturated if an attempt were made to draw 
more current from the tripler than the d-c bias level. 
Therefore, this improved tripler is current limiting in 
both directions and for some applications this is an 
advantage. This tripler also has the advantage that it 
takes from the input-voltage waves the most efficient 
portion of the waves, thereby reducing the rating factor 
of the complete tripler. The rating factor of this tripler 
is less than the rating factor of the d-c bias tripler, but 
still has a greater rating factor than the a-c saturated 
tripler. This tripler has an advantage over the a-c 
saturated tripler in that the output voltage is more sym- 
metrical; however, the output voltage of this improved 
tripler is not as symmetrical as the back-to-back d-c 
saturated tripler. 

The D-C Saturated Quintupler. The circuit dia- 
gram for the d-c saturated quintupler is shown in Fig. 7; 
input and output voltages and currents are shown in Fig. 
8. The operation of the d-c saturated quintupler is quite 
similar to the improved tripler, except that it operates 
from a 5-phase source and produces a voltage that is a 
fifth harmonic of the input frequency. Operation of this 
circuit is similar to that of the tripler except that, with 


Input Sg ,i/ 


° O c 
Fig. 7— Circuit for d-c saturated quintupler. (U.S. Patent 
2,892,142 — L. L. Genuit.) 
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Fig. 8 — Voltage relationships, d-c saturated quintupler. 


a three-phase input, a phase-splitting transformer must 
be used to produce the five phases, which is a disad- 
vantage. This frequency multiplier is also current limit 
ing to peak value of the d-c bias, but it is the simplest 
construction for producing a fifth harmonic from a three- 
phase source. Since a circuit can be made to produce a 
fifth harmonic, a circuit can also be constructed to pro- 
duce a seventh harmonic. This again is similar in opera- 
tion to the d-c saturated tripler except that it operates 
from a seven-phase voltage supply or a phase-splitting 
transformer, and it produces a seventh harmonic output 
voltage. 

D-C Saturated Sextupler, Wye Connected. The 
circuit diagram for the sextupler is shown in Fig. 9 
and the input voltages and currents are shown in Fig. 10 
The output reactors are Nos. 1 to 6 and the current 
limiters are reactors Nos. 7 to 12. There is a d-c supply 
through a choke that supplies d-c bias for all the output 
reactors and current limiters. In each phase there are 
two output reactors whose secondaries contain a d-c bias 
and the cores of each one of the reactors in each phase 
are biased in opposite directions. As in the improved 
tripler, the delta-arrangement current limiters in the 
center of the output reactors are biased with d-c in their 
secondaries, and in each phase the current limiters are 
biased in opposite directions. 

This d-c saturated sextupler operates in a fashion very 
similar to the improved tripler except that, since the 
output reactors in each phase are biased in opposite 
directions, they take the 60-deg segment, split it in two 
segments, and produce voltage pulses 30 deg wide of 
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opposite polarity. The current-limiter section operates 
in the same fashion as it does for the tripler. 

The d-c bias is established before a-c voltage is applied 
to the three phases; all the reagtors, including both out- 
put and current limiting, are saturated by the bias. Here 
again, consider that when the a-c voltage is applied, the 
magnetizing current is lagging the applied voltage by 
90 deg in each phase. When Phase A voltage has reached 
its positive peak value and the magnetizing current for 
A is just passing through zero, increasing in the 
A until 


it equals the ampere-turns of the secondary reactor No. 2, 


Phase 
positive direction, current will flow into Phase 


and this will then become de-saturated. Since current is 
entering Phase A, the current in the primary reactor 
No. 1 is in the same direction as the d-c bias, so reactor 
No. 1 is pushed further into saturation. Current is flow 
ing from Phase C to Phase B and will increase until 
limited by some reactor or reactors. Since current is 
entering Phase C, the current in the primary of reactor 
No. 5 is in the same direction as the d-c bias, so reactor 
No. 5 will be pushed further into saturation. Since cur 
rent is flowing out of Phase B, the current in the primary 
of reactor No. 4 is in the same direction as the d-c bias, 
so reactor No. 4 is pushed further into saturation 

The current in Phase C has just passed its positive 
maximum value, so that the current in the primary of 
reactor No. 6 is larger than the d-c bias, and reactor 
No. 6 is actually saturated in a direction opposite to the 
d-c bias. Since the current in Phase B is approaching 
its negative maximum value, the current in the primary 
of reactor No. 3 is larger than the d-c bias in the 
reactor No. 3 is actually 
saturated in the direction opposite to the d-c bias. The 
current flowing from Phase C to Phase B can flow 
10 and 11, o1 
through reactors Nos. 7, 8, 9 and 12. The current from 
Phase C to Phase B will increase without limit until 
two of the current-limiting reactors de-saturate. With 
current already flowing into Phase A that de-saturated 


secondary of reactor No. 3; 


through current-limiting reactors Nos. 


reactor No. 2, the current in the primaries of reactors 


Fig. 9 — Circuit for d-c saturated sextupler, Y-connected. (U.S 
Patent 2,892,141 — D. L. Lafuze.) 
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Voltage relationships, d-c saturated sextupler, Y-con- 


Nos. 8 and 9 is larger than that in the primaries of 
reactors Nos. 7 and 12. Reactor No. 9 will de-saturate. 
In the other leg of the current limiters, reactor No. 10 
will de-saturate. Therefore, we have current limiters Nos. 
9 and 10 unsaturated and output reactor 2 unsaturated, 
whereas all the rest of the output reactors and current 
limiters are saturated. It will be noted here that, in the 
case of the d-c sextupler, if the turns ratio between the 
primary and secondary of the output reactors is 1:1, the 
turns ratio of the current limiters from primary to 
secondary must be 1:2 so that the current in the primaries 
of the current limiters can go to 2/,., to permit the d-c 
saturated sextupler to operate properly. 

From the preceding, reactor No. 2 is applied across 
terminals A and C, and the two current 'imiters Nos. 9 
and 10 in parallel are applied from Phases C to B. This 
condition exists for the 30-deg period when Phase A 
goes from 90 to 120 deg. At the end of this 30-deg 
period, reactor No. 2 saturates in a direction opposite 
to the d-c bias, and at this time reactor No. 6 de-saturates. 
The reason for reactor No. 6 de-saturating is that the 
current in Phase C has decreased to a value such that 
the flux in reactor No. 6 has reduced to the value where 
reactor No. 6 can de-saturate. Current limiters Nos. 9 
and 10 remain unsaturated so that reactor No. 6 is ap- 
A to C again. Thus, for the next 
30-deg period, reactor No. 6 produces in the output 
circuit a voltage pulse (shown by Fig. 10) of an opposite 
polarity to that pulse produced by reactor No. 2. 

When the current in Phase C goes to zero, reactor No. 
6 becomes saturated in the direction of the d-c bias and 
reactor No. 5 then becomes unsaturated. When No. 5 


plied across Phases 
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de-saturates, current flows from Phase A to Phase B but 
the current in the primaries of reactors Nos. 7 and 12 
is greater than the current in the primaries of reactors 
Nos. 10 and 11, so that current-limiting reactors Nos. 
9 and 12 become unsaturated and reactor No. 5 is applied 
across the terminals,of Phases C and B. Therefore, re- 
actor No. 5 produces the output-voltage pulse and its 
polarity is opposite to the previous polarity voltage pro- 
duced by reactor No. 6. Thus, we have produced three 
output voltage pulses in only 90 deg, thereby producing 
a sixth harmonic output. The continuing sequence of 
reactors that produce the output voltages and those of 
the current limiters and load limiters is shown in 
Fig. 10. The waveshape of the output voltages is also 
shown in Fig. 10. If resistive load is applied to the output 
terminals, then the output current would have the same 
shape as the output voltage. At the bottom of Fig. 10 
is shown the current into Phase A under no-load and 
full-load conditions. The full-load condition is considered 
the load at which the frequency multiplier is just starting 
to limit current. Here again, as in the previous d-c biased 
multipliers, this d-c saturated sextupler is also current 
limiting in both directions at the value of the d-c bias. 
One of the advantages of the d-c saturated sextupler 
is that it produces an almost symmetrical voltage and, 
if operating into a resistive load, the output voltage will 
be almost square-wave. This frequency multiplier also 
has the advantage that it is about the simplest arrange- 
ment of reactors for a sixth-harmonic frequency multi- 
plier with a very good rating factor. This d-c saturated 
sextupler also uses the most effective portion of the input 
voltage wave to produce the output voltage pulses, so the 
reactors can be designed for minimum volt-seconds. 
The D-C Saturated Ninth-Harmonic Multiplier. 
The input and output voltage waves of the ninth harmonic 
frequency multiplier, Fig. 11, are presented in Fig. 12. 
The ninth-harmonic frequency multiplier is similar to 
the sixth-harmonic frequency multiplier except that in 


Fig. 11 Circuit for d-c saturated ninth-harmonic multiplier. 
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Characteristics of Principal Forms of Static Frequency Multiplier 


INPUT 
| Line-to-line 
Power | voltage, rms 
factor (factor) 
Simple doubler 0.438 0 1 
A-C saturated tripler | 0.29 | 0 
D-C saturated tripler | 0.390 
2 d-c saturated triplers, 
back-to-back .455 
Improved tripler, Y-connected 483 
Improved tripler, delta- 
connected 440 
D-C saturated quintupler 30 
D-C saturated sextupler, Y 
D-C saturated sextupler, 
delta 
D-C saturated septupler 
D-C saturated ninth har- 
monic multiplier | 


Form Phases 


| | 
t Ja-¢ = saturating current, d-c; J, = line current, rms. 
© RF = eum of all volt-ampere ratings of all windings/volt-ampere output 


each phase there is one output reactor that is not d-c 
biased. The volt-second rating of the output reactors is 
such that, for the 60-deg period from 30 deg before the 
peak value and 30 deg after the peak value of the phase 
voltages, the three reactors in each phase split the voltage 
up into three segments of 20 deg each and produce output 
voltage pulses of opposite polarities to yield the ninth- 
harmonic voltage. The unbiased output reactor in each 
phase produces the output-voltage pulse in the middle of 
the three output-voltage pulses in each phase, while the 
two biased reactors produce the other two output-voltage 
pulses in the same manner as in the sixth-harmonic 
frequency multiplier. One of the biased reactors must 


A. LAA. 


Fig. 12 — Voltage relationships, d-c saturated ninth-harmonic 
multiplier. 
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OUTPUT 





Voltage,| Frequency- | | Current,| Rating 
Current f, rms | multiplying | | max, factor 


amp, tms | (factor) rms (RF)* 


factor Phases 


1.22 Tae 2 lac | 4.28 
141.1, 3 | 4.55 
1.67 Lane 3 5.96 


2.83 Ig. «| 5.40 
41 Io aa 25 


70 Tae | 3 se | 4.53 
.67 Lave 5 | ‘ 5.95 
3 0 T4-< | | . 13 





3.16 Tac 
77 Ta-c 


0 Is. 


have a separate secondary winding for the output volt- 
age so that the output voltage can be produced at the 
right polarity. 

The accompanying table gives the various characteris- 
tics of the multipliers described in this article. It is seen 
that the higher the output frequency desired, the lower 
the input power factor. Also, for higher output fre- 
quency, rating factor and size of multiplier are greater. 

In actual frequency-multiplier circuits, resistance will 
worsen the regulation. With the use of Deltamax core 
material in small multipliers, resistance is the greatest 
factor. However, with the use of grain-oriented silicon 
steels, the volt-seconds absorbed by the saturated reactors 
in both the primary and secondary circuits must be taken 
into consideration. In general, the output reactors must 
be designed for fewer volt-seconds than the ideal theory 
indicates. The current limiters are designed for approxi- 
mately twice the volt-seconds that theory predicts, be- 
cause it is not wise to approach the opposite saturation 
very close. If the multiplier is to be designed for a range 
of input voltage, the output reactors must operate at 
the lowest voltage, and the current limiters will absorb 
the excess at the maximum voltage. 

The d-c bias must be greater than the output current 
desired if current limiting is to be avoided. In general, 
the peak output current must be only 90 per cent of the 
d-c bias to prevent current limiting. Oo00 
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Magnetic 


Recording 


Bandwidth Increased 
Sixteen-Fold 


Rigorous analysis of magnetic recording dy- 
namics has led to the adoption of frequency 
modulation and a transverse path on tape 
for a new order of response range for an in- 
strumentation recorder. Temperature and in- 
terchangeability problems created by mate- 
rials and mechanical limitations are solved 
by compensating and servo elements in the 


design. 


TED W. BARGER, Engineer 
Ampex CORPORATION 
Redwood City, California 


IN MAGNETIC TAPE RECORDING, a material capable of 
being magnetized is moved through and shunts a con- 
centrated field produced at a short non-magnetic gap 
in a series magnetic circuit, which is essentially an 
electromagnet consisting of a coil of wire wrapped around 
a ring of highly permeable material. The domains of 
magnetic material will tend to be oriented in accordance 
with the direction and density of a field to which it is 
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Rotary head assembly for new Ampex wide-band record. 
ing system. Developed principally for instrumentation 
applications, the system will record the frequency spec- 
trum from 10 cycles to 4 mc; either one or two 4mc 
channels can be recorded. 


exposed, On a moving tape which contains such material, 
a signal can be recorded as a flux pattern resulting from 
the instantaneous magnitude and direction of the mag- 
netic field at the moment the tape leaves the head gap. 
The changing magnetic field in the head gap will cor- 
respond to the current fed to the head coil. 
@= Ki 

where 

o flux 

i record current 

With the tape moving across the heads at a linear 
velocity of v, any particle of the magnetic medium 
crossing the gap remains in a permanent state of magne- 
tization which is proportional to the flux flowing through 
the head at the instant that particle passes out of the 
gap. The actual recording takes place at the trailing 
edge of the record gap, Fig. 1. The wavelength of the 
recorded signal will be directly proportional to the tape 
speed and inversely proportional to the frequency of 
the recorded signal. 


\ = wavelength on tape, in. 
v = tape velocity, in./sec 
f = frequency of electrical signal, cps 
In reproducing the signal from the flux pattern, the 
tape is moved past the gap in a reproducing head which 
is similar or identical in design to the recording head. 
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Fig. 1 — Magnetic tape recording and reproducing process. 


The flux, which is a function of the average state of 
magnetization of the material actually spanning the gap 
at a given instant, will induce a voltage in the head coil 
varying with the time rate of change of the flux. the 
number of turns on the coil, and the permeability of 
the core material. 


where 


é reproduc e voltage 
ree) flux 
f time 
number of turns of wire 
“ = permeability 


Since the reproducing head output varies with the 
rate of change of the average flux spanning the gap, 
it will increase directly as the tape speed increases and 
as the wavelength of the recorded signal decreases ( fre- 


Fig. 2—— Relations between magnetic-tape velocity, 


gap and frequency limits. 


length of 
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quency increases). With a constant tape speed, repro- 
ducing-head output will be directly proportional to fre- 
quency up to a point where the recorded signal wave- 
length approaches the gap length. When the recorded 
wavelength is near the gap length, the nearly equal 
amounts of positive and negative flux cancel. The head 
output will fall off, eventually reaching zero. Therefore. 
the upper frequency limit is controlled by the gap length 
and tape velocity as shown in Fig. 


A 
A 


where 
¢ reproduce voltage 
f frequency 
r wave length 
v = tape velocity 
When the gap length has been reduced to a minimum, 
limited by realistic manufacturing tolerances and ade 
quate signal levels, the extension of frequency response 
can be accomplished only by an increase in tape-to-head 
velocity. The increased velocity increases the wavelength 
on the tape so that the higher frequencies will not 
approach the gap length. P 
The low-frequency limit is controlled by the rate of 
change of flux density. As stated above, for a fixed tape 
speed, output of a given head is proportional to fre 
quency; thus, the low limit is established as the point 
where the rate becomes so slow that a useful output 


gap lengtl 


cannot be obtained with a suitable signal-to-noise ratio 
This drop in output occurs at approximately a 6-db-per 
octave rate, which can be corrected for ever the usable 
range by an equalized amplifier having a characteristic 
rate inverse to the reproducing-head characteristic. 

The low-frequency limit is also determined by the 
bandwidth. The 6-db-per-octave drop in output normally 
starts close to the highest frequency to be reproduced 
and, as it is constant regardless of tape velocity, the 
lower-frequency limit fixed by a specific signal-to-noise 
ratio will rise, octave per octave, as the upper frequency is 
increased. For a minimum signal-to-noise ratio of 30 db, 
the maximum bandwidth which can be effectively repro 
duced is a spectrum of approximately 10 octaves. 

Although we can increase the highest frequency to be 
recorded by increasing the tape speed and reducing gap 
width dimensions, we still have a magnetic-head band- 
width problem because the wide-band information to be 
recorded covers 20 octaves (10 cps to 4 mc). 

This problem is solved by using a frequency modula 
tion process to shift the recorded signal to a higher, 
more suitable part of the spectrum between 2 and 7 me 
The number of octaves involved is then fewer than two, 
and is well within the capability of a magnetic head. 

The wide-band input frequency is used to modulate a 
36-me oscillation, This modulated 36-mc frequency and 
a 30-me oscillation beat to produce the modulated 6-mc 
carrier recorded on the tape. The heads used in present 
equipment resonate at approximately 7.5 mec. Some of 
the upper sidebands thus are outside the passband and 
are lost in the record process; however, this does not 
substantially degrade the quality of the signal repro- 
duced. With the number of octaves effectively reduced 
by the FM process, we are still faced with reproducing 
frequencies of 7.5 mc. Because of the limitations im- 
posed by the relationship of the gap length and tape 
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velocity, a head with a gap 0.0001 in. long would require 
a tape speed of approximately 1300 in./sec (75 mph) 
to satisfactorily resolve the upper sideband frequencies. 

This tape speed can be attained in the conventional 
recording practice of moving tape past fixed heads, but 
in a practical system, the amount of tape required is 
prohibitive since, for one hour of recording, almost 75 
miles of tape would be required. Even a large 19-in. 
reel of tape would provide fewer than 3 min of playing 
time. 

Transverse Recording. In transverse recording, the 
necessary head-to-tape speed is obtained by moving the 
heads transversely across the tape at high speed while 
the tape moves longitudinally at a slow speed. In the 
Ampex wide-band head assembly, four magnetic heads 
are mounted 90 deg apart on a 2 1/16-in. diam drum. 
This drum is rotated at 200 rps in contact with a 2-in.- 
wide tape which is positioned over the drum by a con- 
cave tape guide. The reel-to-reel speed is two orders of 
magnitude below the head-to-tape speed, and results 
in a practical system where a 1014-in. reel of tape will 
provide one hour of record ng time. Two channels are 
doubling the 
interlacing the second- 


recorded in the present equipment by 
longitudinal tape speed and 
channel tracks. During the record mode of operation, 
a record signal is fed to all four of the heads on one 
drum. During two-channel recording, the second signal 
is fed to the four heads of the second drum. 

Each head describes an arc of approximately 111 deg 
while traversing the tape; thus, before one head loses 
contact with the tape, the succeeding head has made con- 
tact. Therefore, there is an overlap period when iden- 
tical information is recorded on the bottom portion of 
one head track and the top portion of the next head 


Fig. 3 


Cireuit of rotary 2-channel recorder for reproducing. 
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track. This overlap time is utilized to maintain the 
proper continuity when, in the reproduce mode, the head 
outputs are switched from head to head to reconstitute 
the recorded signal. 

Registration and Reproduction. The two wide- 
band inputs modulate separate 6-me carriers. The carrier 
for Channel 2 is fed to a pair of amplifiers, each of 
which drives two heads 180 deg apart through a slip- 
ring and brush assembly. Thus, during record, all four 
heads are driven continuously. The modulated carrier 
for Channel 1 is fed to similar amplifiers, but gating 
circuits have been added which clamp the signal to zero 
for a 2-microsec period to record transverse time-base- 
marker pulses required in the reproducing process to 
insure correct reconstitution of the recorded data. These 
marker pulses, generated by the drum timing head, are 
applied to the tape once per head drum revolution dur- 
ing the overlap period when two heads are in contact 
with the tape. 

Both recording drums are identically oriented to close 
tolerances on a common motor shaft. Therefore, the 
marker pulses applied to Channel 1 serve as a transverse- 
time-base reference for both channels. The shaped output 
of the timing head is also recorded longitudinally on the 
lower edge of the tape as a 200-cps squarewave by a 
fixed head directly “down-tape” of the wideband heads. 


This longitudinal time-base is utilized in the reproduce 


process as a magnetic sprocket to provide proper head 
registration on the recorded tracks. The shaped timing 
head output is also compared with the frequency standard 
used as a time reference for the synchronous drum motor. 
The result of this comparison is used to servo the output 
of the drum-motor-drive amplifier to correct variations 
in drum-motor speed. Angular velocity and drum posi- 


Capstan speed reducer 
and differential drive 





tion with respect to the phase of the drive frequency 
must be very closely controlled and both random and 
cyclic disturbances to the system must be corrected. 

The same frequency standard is utilized as a time 
reference for the capstan-motor-drive amplifier. The 
synchronous capstan motor drives a capstan that meters 
the tape passing the head drums so that the tracks will 
oe properly spaced and so that the second channel tracks 
will be properly interleaved with those of the first 
channel. Both average velocity and instantaneous velocity 
must be closely controlled. 

Figure 3 is a block diagram showing the two-channel 
reproduce process. The drum motor is driven from the 
frequency standard under servo control feedback from 
the timing output just as in the record mode. The re- 
corded control track is reproduced, shaped and compared 
with the phase of the timing head. The result of this 
comparison is used to control a servo motor within the 
capstan gear reduction to advance or retard the rotation 
of the capstan. The timing-head output indicates present 
angular position of the head drum. The control track re- 
produces a frequency which is a record of the head drum 
angular position, the instantaneous longitudinal velocity, 
and the position of the tape during the record mode. 

During reproduction, the rotation of the capstan is 
servoed to meter the tape through the rotary-head as- 
sembly with the same velocity and phase relationship 
to the angular position of the head drums as had been 
metered past them during record. Because of overlap, 
the outputs cannot be directly rematched, but must be 
switched at a point where one head has entered the tape 
and before another head has left it. The transverse time- 
base pulses of head tracks 1 and 2 are utilized to syn- 
chronize a free-running electronic switch, which switches 
the head outputs to produce a continuous envelope of 
information. The switched output is limited and de- 
modulated, producing a reproduce output signal sub- 
stantially equal to the recorded input signal. 


Interchangeability. A problem peculiar to the rotary 
head is that of interchangeability; that is, reproducing 
a tape on a different machine at a later time, and under 
different environmental conditions. 

The major problems are track registration and main- 
taining the transverse time-base and reproducing signal 
continuity. With 10-mil head width and 10-mil tracks, a 
registration of the head 2 mils off-center will result in 
an output that is down 20 per cent. Constant-velocity 
errors by the capstan metering system will result in 
spacing the tracks too close or too far apart during 
record. These spacing errors are cumulative and will 
result in improper interleaving of the tracks recorded 
by the second-channel drum. Longitudinal velocity varia- 
tions will cause track-position errors of an oscillatory 
nature. These velocity or position errors produce a like 
registration problem during the reproducing mode. The 
recorded control track contains the constant velocity 
and significant low-frequency longitudinal flutter errors 
and thus would indicate a corrective resultant to the 
capstan reproduce servo system. 

Longitudinal track-position errors also result from 
dimensional changes of the tape due to changes in tem- 
perature and relative humidity. The existing equipment 
must be utilized to record tapes over an ambient tem- 
perature range of more than 120 deg C, and reproduce 
these tapes in an included but narrower range of about 
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45 deg C. Both recording and reproducing functions 
may be accomplished in an environment of 0 to 95 per 
cent relative humidity. The tape’s coefficient of thermal 
expansion produces a significant dimensional change 
over the temperature range, but this problem is reduced 
by heating the tape to a fixed temperature above the 
ambient range during both recording and reproducing. 
The longitudinal dimensional change due to relative 
humidity changes can result in an additional 3 per cent 
of misregistration. 

Maintaining the proper transverse time base and 
proper signal continuity between different machines un- 
der differing environmental conditions depends again 
on the changes in tape dimensions and the physical 
differences in the various machines. The tape is held in 
contact with the head drum by a concave tape guide. 
The heads project slightly from the periphery of the 
drum and the guide is so positioned as to cause the 
heads to impinge into the tape a distance equal to their 
projection above the head drum. The heads thus stretch 
the tape as they traverse it. Basically, the heads are 
impinged into the tape to maintain the proper tape-to- 
head contact pressure necessary to resolve the short 
wavelengths and to produce satisfactory output. 

This stretching of the tape is also utilized to compress 
or extend the transverse time-base of the recorded tape 
during the reproducing process to correct for changes 
in transverse tape dimension due to environmental 
changes. 

The tape is stretched locally over the heads as they 
record, and thus the wavelength recorded on the stretched 
tape is reduced as the tape relaxes after the passage of 
the head. If the tape undergoes a dimensional change, 
the recorded wavelength will either be further decreased 
or increased. 

To reproduce this tape and obtain the correct fre- 
quency with a head traveling at the same fixed angular 
velocity, we must stretch the tape out more or less de- 
pending on the direction of the dimensional change 
during the recording process. 

During reproducing, the two transverse time-base 
pulses recorded by heads one and two are compared 
against two pulses produced by the same time-base pulse 
generator by which they were developed. The resultant 
error is used to drive a servo motor to move the guide 
horizontally toward or away from the head drum, stretch. 
ing the tape more or less than on record. The reproducing 
head, rotating at a constant angular velocity, traverses 
the tape with a velocity determined by its present sweep 
radius. Thus, the increased or decreased wavelength re- 
sulting from the horizontal guide movement will result 
in a decreased or increased reproduced frequency to 
reproduce the pulses properly with the same time separa- 
tion of 10 psec as the recorded pulses. As these pulses 
are near the switching points, the signal is switched 
with very little loss in continuity. Although the servoed- 
guide movement will produce the correct time separation 
of the pulses, the time base between these pulses can be 
distorted by differences in guide radii between machines 
and improper guide positioning relative to the drum. 

00% 
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Radar Fundamentals 


Elements of the basic system for spotting 
airborne objects are described, and by means 
of a model radar set, the effects of such pa- 
rameters as frequency, pulse width and repe- 
tition frequency, bandwidth of receiver and 


antenna beamwidth are evaluated, particu- 


larly with respect to range. Use of doppler 


and moving-target indicators de- 


effect 
scribed, also beacons. Principles of tracking 


radar. 


IRA RITOW 

Manager, Systems Engineering and Analysis 
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Rapar deals with the use of radio waves to detect and locate 
distant objects. In general, the principle used is that of 
measuring distance by elapsed time between transmitted and 
received reflected pulses from the object. Electromagnetic 
energy travels at 186,000 miles per second; therefore, a 
transmitted burst of energy of enough power to produce a 
detectable reflection from a distant object (such as an 
airplane) takes 10.8 microsec per mile of distance to the 
object. By using a rotatable antenna for transmitting and 
receiving the reflected pulse, the antenna direction that 
produces the strongest received reflection indicates the 
target direction. 

In general. radar is used as a means of detecting objects 
when ordinary light cannot be used. A radar‘set can “see” 
through fog, rain, snow, smoke and darkness. A radar set 
measures the distance to any detected object very accurately, 
regardless of the total distance, and makes this measure- 
ment from a single location within a fraction of a second. 
Radar’s main limitations are that it can see only in straight 
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lines and that it has poor resolution (discernment of detail) 
compared to optical systems. 


Typical Radar Set. Figure 1 shows a block diagram of a 
typical radar set. During transmission of a high-energy 
pulse, the duplexer connects the transmitter to the antenna 
feed. A few microseconds after the pulse is transmitted, the 
duplexer switches the antenna feed to the receiver. If the 
transmitted r-f energy strikes an airplane, a portion of the 
energy is reflected back into the antenna feed and goes to 
the receiver, where the energy is converted into a pulse and 
fed into the display unit. The antenna feed is at the focus 
of the reflector and rotates with it in scanning the sky. The 
display unit contains a cathode ray tube (official nickname: 
“indicator”) which displays each object that causes a re- 
flected return signal as a dot of light (often called “blips”) 
on a map of the area. By watching the dots of light move 
on the indicator, the operator can see the airborne traffic 
picture. The reflected r-f energy that arrives back at the 
radar set is called an “echo”. For purposes of comparison 
throughout this article, certain typical parameters have 
been assumed for a model radar set (see accompanying 
panel). Such a system might be used to indicate the position 
of airplanes approaching an airfield. 


Typical Radar Components 


Pulse Generator. This device produces a steady chain of 
pulses to drive the transmitter. In some radar sets the 
pulses begin as the sine-wave output of an oscillator such 
as that shown in Fig. 2(a). The sine wave is amplified and 
limited (clipped) to form the square wave (b) which can 


Parameters Assumed for 
Model Pulsed-Type Radar System 
Power, watts 10,000 
Frequency, megacycles 3000 
Pulse duration, microseconds 1 
Pulse rate per second 300 

Antenna size, feet 
Antenna rotation, rpm 15 
Range (calculated), miles 9 





Fig. 3 — Radar transmitter block diagram. 


be differentiated by a network such as shown at (c) to 
provide the pulse train of (d). A diode rectifier limiter 
is used to cut the bottoms off the chain of pulses to yield the 
waveform (e), which is then peak-limited to give the final 
pulse-train waveform (f). 

Other pulse-generator schemes include the use of free- 
running multivibrators to generate the waveform of Fig. 
2(b) directly, the use of single-shot multivibrators to gen- 
erate the pulse (f) from the spikes of (d), and the use of 
power-line voltage as the sine-wave oscillator signal, as 
well as others. 


Transmitter. The pulses from the pulse generator are 
converted into bursts of r-f energy by the transmitter. A 
common transmitter block diagram is shown in Fig. 3(a). 
In this case the generator pulses are amplified from low- 
power signals into high-power signals in an amplifier called 
the modulator. The modulator pulses the oscillator to pro- 
duce an r-f oscillation. 

In some radar systems the modulator contains a capacitor 
that is gradually charged to a high voltage and stored-energy 
level and the generator pulse trips a vacuum-tube switch 
to connect the capacitor to the oscillator stage for the 
duration of the pulse. Also. in some radar sets, the pulse 
generator is an integral part of the modulator circuitry. 
The power supply provides power at high levels. The 
oscillator can be a triode, a magnetron, a klystron or a 
travelling-wave tube. 

The magnetron is the most widely used oscillator, for 
it can be used to produce very high power at relatively 
high efficiencies at high radio frequencies. As shown dia- 
gramatically in Fig. 4, the magnetron consists of a short 
cylinder held between the poles of a magnet (a) which 
provides a field whose lines of flux are parallel to the axis 
of the cylinder. As shown in the cross-section of the cylinder 
(b). a filament-heated central cathode emits electrons in 
the evacuated space between the cathode and the anode. 
Due to the presence of the strong magnetic field, electrons 
emitted by the cathode follow a curved path to the anode, 
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Fig Veneration of a pulse train. 


therety passing the mouths of several resonant cavities 
The cavities oscillate as a result of the induced electro 
magnetic field caused by electron passage near the cavity 
In the sample system the cavities resonate at 3000 m« 

Electron emission from the cathode and oscillation in 
the cavities occur whenever the anode is at a high positive 
potential (thousands of volts) above the cathode potential 
The output pulse of the modulator forms the cathode-to-plate 
potential. Because of interaction between the cycling ele« 
trons and the resonant cavities, all the cavities are coupled 
together; a single output loop in one cavity is therefore 
sufficient to duct the r-f pulses to the output waveguide 

The energy in the output signal comes from the cycling 
electrons which siow down and give up their kinetic energy 
in the process of exciting the magnetron cavities. 

The klystron tube is similar to a magnetron, but requires 
no external magnetic field and can be used either as an 
amplifier or an oscillator. As shown in the cross-section 
view, Fig. 5, electrons emitte’ fiom the cathode are focused 
into a beam by the grid and are attracted to the collector 
which is at a high positive potential with respect to the 
cathode. During their travel from the cathode to the col 
lector, the electrons pass an ainular opening of the toroidal 
input cavity. If there is an input signal via the input wave 
guide, the resultant electromagnetic field in the cavity 
causes the electrons in transit to be speeded up or slowed 
down as they pass the input-cavity opening, depending on 
the momentary phase of the field in the input cavity. Thes¢ 
periodic changes in electron velocity cause the electrons 
to form bunches as they travel through the drift space 
(this effect is appropriately called “bunching”). The alter 
nating bunches of electrons pass the output-cavity opening 
in rapid succession and induce an electromagnetic field in 
the cavity, causing an output signal. The electrons finally 
strike the collector, which is water- or air-cooled. 

Amplification takes place because the output signal is of 
higher power than the input signal. This power increase 
comes from the electron stream which, on the average, loses 
velocity as it goes through the process of bunching and 
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exciting the output cavity. A klystron may be made into an 
oscillator by coupling the output and input waveguides 
together so that feedback is effected. 

The traveling-wave tube is a more recent development and, 
like the klystron, can be used as an amplifier. As shown in 
Fig. 6, an input signal travels from the input cavity and 
appropriate coupling loops to the output cavity via a wire 
helix. The helix, in conjunction with the cylindrical wall, 
forms a transmission line. The signal traverses the wire of 
the helix at about the speed of light, but its movement along 
the axis of the evacuated tube is only about Yo that speed. 
In order to amplify the signal, electrons are emitted in a 
stream down the center of the helix by a filament-cathode- 
grid assembly toward a high-positive-potential collector in 
an arrangement similar to that used in the klystron. The 
electron stream starts through the tube at a velocity slightly 
higher than that of the signal along the axis of the helix, 
and interaction between the two causes the signal to become 
stronger in power and the electron stream to lose some of 
its velocity and power. Thus, the signal emerges from the 
output waveguide as an amplification of the input signal. 

Because the traveling-wave helix is long and thin (some 
are about the size of a lead pencil), the electron beam 
tends to disperse toward the walls of the tube during its 
trip from cathode to collector. To prevent this spread, an 
axial magnetic field is applied by means of a helical 
focusing coil or permanent magnets. As in the klystron, 
the traveling-wave tube can be made into an oscillator by 
using external feedback. 

Some radar transmitters are arranged as shown in Fig 
3(b). In this scheme the pulses from the pulse generator 
are used to gate the output of a master oscillator that gen- 


Fig. 4—-Principle of magnetron operation. 


Fig. 5 — Operating principle of klystron. 
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erates a low-power, r-f oscillation. The r-f pulse bursts from 
the gate are amplified in a vacuum-tube amplifier (usually 
a klystron tube) and fed to the duplexer. This MOPA 
(Master Oscillator/Power Amplifier) system is less efficient. 
power-wise, than using an output oscillator, but it permits 
very accurate control of radio frequency and pulse spacing. 


Duplexer. As indicated in Fig. 1, the duplexer is a switch 
that connects the antenna to the transmitter during the 
duration of the transmitter output pulse and to the receiver 
for the rest of the time. Switching is done by gas-filled 
discharge tubes. A diagram of the action of a duplexer is 
shown in Fig. 7: at (a) a two-wire, transmission-line system 
is indicated for ease of explanation. In radar, microwave 
plumbing is used to carry the signals, and conversions to 
and from two-wire or coaxial systems are made as needed 
at the blocks marked “TR” (Transmit/Receive) and “ATR” 
(Anti-Transmit/ Receive). These are tubes filled with a 
gas (such as argon) at low pressure. They arc over and 
conduct if a high voltage is applied across their terminals; 
at low voltage they are virtually non-conducting. 

For the duration of the transmitter output pulse, both 
the ATR tube and TR tube conduct and the transmitter is 
connected to the antenna as shown at (b). The TR tube is 
located so that, when it conducts, it forms a short circuit 
a quarter wavelength away from the junction of the receiver 
and transmitter lines. As a result, the line to the receiver 
appears as an open circuit at the junction and no ap- 
preciable power from the transmitter output pulse goes to 
the sensitive receiver input. If the TR tube fails to conduct 
during the transmitter pulse, the receiver input stage is 
burned out by r-f energy. 


Operating principle of traveling-wave tube. 


receiver 


Fig. 7 — Switching function of duplexer. 





Between transmitter pulses the antenna is connected to 
the receiver since incoming signals are too weak to trigger 
either the TR or the ATR tube. As a precaution against 
part of the received signal energy being wasted by going 
down the transmitter line, the ATR tube is located a half 
wavelength away from the junction of the transmitter and 
receiver lines so that, between transmitter pulses, the line 
to the transmitter looks like an open circuit at the junction. 


Antenna. A radar antenna has a two-fold purpose: it 
focuses* the transmitted energy into a narrow beam and it 
increases the sensitivity of the radar in a favored direction 
during the reception of echoes. There are dozens of varieties 
of radar antennas of almost every conceivable shape. The 
most commonly used type is the feed horn and parabolic 
reflector combination such as is sketched in Fig. 8. During 
the transmitter pulse period the energy from the duplexer 
goes to the waveguide and radiates out the feed horn toward 
the reflector. The reflector is a conducting surface, parabolic 
in shape, and the feed horn is located at the focus of the 
parabola. The reflector is usually made of coarse woven 
screening or perforated plate. The reflection from the surface 
would be a set of perfectly parallel rays if it were not for 
the fact that the reflector dimensions are only a few wave- 
© Note: In the discussion that follows, radio energy will be discussed as 
though it is emitted, reflected and transmitted like light energy. Although the 
terms used are easy to grasp and are somewhat accurate, the reader should 
keep in mind that radio, light, gravity, magnetiom—in fact, all action-at-a 


distance phenomena—are not understood despite elaborate mathematical procesecs 
which aecurately predict the behavior of proposed devices 


Fig. 9 — Receiver block diagram. 
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lengths long. As a result, the angle, 6, of the cone ot radi- 
ated energy (beamwidth) is related approximately to D, 
the vertical (or horizontal) height (or width) of the 
reflector by 


70L 
@= D deg (1) 


where L is the wavelength in meters, D is in meters and the 
design is close to optimum. If the height and width of the 
reflector differ, the beam will be a fan shape. Since the 
edges of the beam are not abrupt, beamwidth is defined as 
the width of the beam between points at which the radiated 
power density (power per unit solid angle) is one-half of 
the radiated power density at the center of the beam. 

Wavelength (L) in meters and frequency (f/f) in mega- 
cycles are related byt: 


300 
L= 2 
7 (2) 


In the sample radar set, with a frequency of 3000 me, the 
wavelength is 0.1 meters. The antenna reflector dimensions 
in the sample radar set are 8 ft wide by 1 ft high (2.4.x 0.3 
meters), and substituting these values into Eq (1) gives the 
antenna beam dimensions as about 3 deg in azimuth (hori- 
zontal plane) and 23 deg in elevation. 

An antenna that radiates uniformly in all directions 
(including down) is called an isotropic antenna. The ratio 
of the power density on a distant target lying on the 
centerline of the beam of a focused antenna to the power 
density that would arrive at the same target from an iso- 
tropic antenna is called the gain of the focused-beam an- 
tenna. Antenna gain (G) is inversely proportional to the 
antenna beamwidth and is given approximately by 


25,000 


& = 
O40 


(3) 
where 0, and 6, are azimuth and elevation beamwidths in 
degrees and normal efficiencies are assumed. Equation (3) 
states the gain at the center of the beam; the gain at the 
edge of the beam is half as great. In the sample radar set, 
the antenna gain is 

, 25 .000 

G = 3393 = 362 (4) 

Such a high gain figure points out that the emitter power 

is strongly focused. The antenna also acts as a directional 
horn in receiving r-f energy. Hence, if a targett is outside 
the antenna beam, it does not receive appreciable radiated 
power from the transmitter and any echo reflected back to 
the radar set is further attenuated by the antenna. Echoes 
from targets lying within the beam are therefore much 
stronger than echoes from targets lying outside the antenna 
beam. 


Receiver. A radar receiver, Fig. 9, is basically a super- 
heterodyne radio receiver. Returning r-f echoes are added 
to a local oscillator signal and their sum causes current to 
flow in a signal mixer consisting of a crystal diode. Because 
the crystal has a nonlinear voltage-vs-current curve, the 
returning echoes modulate the continuous signal from the 
local oscillator and various frequency combinations appear 
at the output of the signal mixer. Among these outputs are 
pulses at a controlled intermediate frequency (usually 30 
or 60 mc) which is the difference between the local oscil- 
lator frequency and the transmitted frequency. The amplifier 
is fixed-tuned to the intermediate frequency. Usually the 
bandwidth of the i-f amplifier in cycles per second is equal 
to the reciprocal of the pulse width in seconds, so that in 
the case of the sample radar set (whose pulse width is 
1 microsec), the i-f bandwidth is 1 me. 


* This is because the speed of radio-wave propagation is 300,000,000 meters 
per sec 


2 This word is « hangover from the early days of radar when radar’s main use 
was as the eyes of an anti-aircraft system 
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The output of the i-f amplifier is detected by a simple 
crystal detector to provide what is called “video signal.” 
This signal is the envelope of the r-f echoes received by 
the antenna. In Fig. 9 the video output consists of rounded 
(not rectangular) pulses because the i-f bandwidth is too 
narrow to pass all the frequency components of the r-f 
envelope without attenuation.* 

The dashed-line elements in Fig. 9 comprise che auto- 
matic-frequency-control circuit commonly used to insure that 
the local oscillator frequency differs from the transmitted 
frequency by a fixed amount. A microwave transmission line 
(not shown in previous diagrams) bleeds a little of the 
transmitter output pulse and mixes it with the local oscil- 
lator signal in the AFC (Automatic Frequency Control) 
mixer. A frequency discriminator circuit (as in an FM 
receiver) detects whether the difference frequency is too 
high or too low and generates a frequency-control signal. 
This signal is usually in the form of a d-c voltage applied 
to a grid in the local oscillator tube. 


Radar Display. A picture is formed on a cathode-ray-tube 
face that appears as a map of the area with all targets 
indicated in their relative positions. A display such as that 
of Fig. 10 is called a PPI (Plan Position Indication) and 
is the most common radar display. It is formed by modulat- 
ing the intensity of a cathode-ray-tube beam by the video 
output of the radar receiver, Fig. 11, while positioning the 
beam on the face of the tube at an angle corresponding to 
the antenna look position; hence, blip position corresponds 
to the position in space of the object giving the echo. As 
indicated in the sketch, the beam sweeps radially out from 
the center of the tube along the lines in a, b, c, . . . sequence 
corresponding to the antenna angle. The beam starts out 
from the tube center at the instant of a transmitted pulse, 
and since the time from transmitted pulse to received echo 
is proportional to the distance from the radar set to the 
target, a map of all reflecting objects in view appears on 
the display. 

The sweep generator provides a beam-deflection signal that 
is a clipped sawtooth, with each tooth starting at the time 
of a transmitted pulse. This signal converts the reception 
time of each echo into distance from the radar set. The 
deflection circuits modulate the signal by antenna position 
and proper proportions are sent to the horizontal and 
vertical cathode-ray-tube deflection plates to insure that 
beam angle and antenna heading correspond (for clarity, 
the spacing between beam tracks is exaggerated in the 
sketch). In the sample set the antenna rotates 15 rpm (90 
deg per sec) and the PRF (Pulse Repetition Frequency) 
is 300 pulses per sec, so that successive cathode-ray-tube 
beam sweeps are 90/300 or 0.3 deg apart. During a single 
antenna rotation, the number ef times that transmitted 
pulses hit a small-area target (often called hit/scan or 
blip/scan ratio) is the antenna beamwidth divided by the 
angle of antenna motion between successive pulses, or 
3/0.3 10 in the sample radar set. Hit/scan ratios usually 
range from 3 to 20. 

The c-r tube for a radar display has a long persistance 
phosphor that continues to glow for several seconds so that 
a target will remain on the tube face between scans. 


Radar Range Calculation 


The most important calculation in radar-system design 
and evaluation is that of the maximum range. Most of the 
compromises in radar-system design and application stem 
from this calculation. In the following discussion, the 
radar-range equation (calculation of maximum range) will 
be developed in steps by following the signal from the 
transmitter to the target to the receiver. 

* See “Using Fourier Analysis in Designing Whole Systems, Subsystems, Electrical 


and Mechanical Devices,"" Evecraica Manuracrunine, February 1959 (available 
as @ reprint--eee page 210). 
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Fig. 10-—-Radar display from Airport Surface Detection Equip- 
ment at Idlewild. (Courtesy of Cutler-Hammer Inc.). 
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Fig. 12 — Development of radar range equation. 


If the transmitted r-f peak power, P, (power during a 
pulse), is assumed to radiate uniformly in all directions 
(isotropic antenna), the power, P,, that impinges on a target 
of equivalent area Ap at distance R is Py multiplied by the 
ratio of A to the total area of a sphere of radius R (see 
Fig. 12). Therefore: 


PrAg 


Pi Gale @) 
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where P, and P, are in watts, Ap* is in square meters, and 
R is the distance to the target in meters. If the transmitting 
antenna has a focused beam and the target lies near the 
center of the beam, Eq (5) becomes: 


PrAgG 
> semen 6 
Pr 4cR? (6) 
where G is the gain of the antenna. If it is assumed that the 
target reflects all the incident energy uniformly in all 
directions, the target itself acts like a transmitter of peak 
power equal to P, of Eq (6) and the configuration (b) 


results in peak echo power, P,, received at the radar 


antenna: ‘ 
(4?) 
<5 os PrA GAR 


eo 322 


(7) 
where A,/2 is the effective area of the receiving antenna 
(including allowance for losses) if the antenna is pointing 
at the target. At all angles the effective area is proportional 
to the gain of the antenna, so at the edges of the antenna 
beam the effective receiving area is one-half its mid-beam 
value, Ap. As the gain of the antenna is related to the 
antenna beam angle, Eq (3), and antenna size, Eq (1), the 
following substitutions can be made in Eq (7): 


PrAg 25,000 A Rg 


P2= 322A abe 


(8) 


[using Eq (3) for G] and 


=e PrAg 25,000 DeDuAr 


Pe 32R* (70 L? 


(9) 
fusing Eq (1) for 6, and @.] where D, and D, are elevation 
and azimuth antenna widths, respectively. Substituting for 
antenna area, Ap, the area of an ellipse, 7D,D,/4, 


a PrAg 25,000 (4 Ar)Ar = 100 ,000Pr 4gA*e 


Pe 25-3 (7 327 (4900) RL? (10) 


32R* (70P L? 
= PrA gE A*p 


48 DR ay 


from which, when P, is assumed to be the minimum detect- 
able received power, P,,., 


= (/ Prva 
48L*P acs 


R (12) 
where R now is maximum radar range. QED. 

To summarize, Eq (12) states that the maximum range of 
a radar set is proportional to the fourth root of the trans- 
mitted peak power (P,), the fourth root of the effective 
area of the target (A,), the square root of the antenna 
reflector area (A,)+; is inversely proportional to the square 
root of the wavelength used (L) and is inversely propor- 
tional to the fourth root of the minimum detectable received 
power (P,..). Equation (12) assumes typical antenna 
efficiencies. 

The minimum detectable received power must be stated 
before Eq (12) can be converted into an actual calculation 
of maximum radar range. In most radar sets the lowest- 
power detectable signal is that which causes a video signal 
slightly larger than the video signal caused by so-called 
“thermal noise” which is proportional to the temperature 
of the parts of the radar circuit. Thermal noise is introduced 
by each component and is amplified like any other electrical 
signal by following stages of amplification. As a result, 
the noise introduced in the mixer and the first stage of the 
i-f amplifier are almost completely responsible for the noise 
that determines the minimum detectable signal level. For 


* “Ag” will be redefined shortly. This is a tentative definition. 


+ If the antenna used is an array of wires, the area of the reflector with equiva- 
lent effects on range is given by: Az = 0.08CL*, where C is antenna gain and L 
is wavelength in meters. 
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radar sets that operate around room temperature there is 
an irreducible minimum of input noise power equal to: 


Paw = 4B X 10-4 (13) 


where B is the i-f bandwidth in megacycles and P 
noise power in watts. 

The ratio of actual thermal noise power to P,,,, of Eq 
(13) is called the “noise figure” (NF) of the input of the 
radar. The NF of a typical silicon crystal mixer is about 
20 and the overall NF of a typical radar set is about 30. 
At high radio frequencies, the NF tends to be higher and at 
low radio frequencies (where a vacuum-tube amplifier can 
be used between the antenna and the mixer) the noise 
figure is lower. 

In order for an echo pulse to appear discernible on 
the indicator, it must be stronger than the noise signals 
arriving at the indicator. The ratio of the signal strength 
to the average noise signal strength is the signal-to-noise 
ratio (S/N). A reasonable value of S/N for PPI presentation 
is 10. Combining P,,,,, NF and S/N gives: the radar set's 
weakest detectable signal, Ps. as: 


Pan = (S/NKNFXP oie) (14) 
which, in the case of the sample radar set with bandwidth 
of 1 me, becomes: 


Pan = 10 X 30 XK 4B XK «10 
= 12 X 10°" watts (15) 


is the 


min 


The effective area of a target is difficult to predict and 
is usually measured experimentally. Due to irregularities 
of shape and material, most objects do not reflect all the 
energy that impinges on them from a radar transmitter nor 
do they reflect energy isotropically. Hence, target area 
{, in Eq (5) is the cross-section area of a metallic sphere 
whose reflections approximate the average reflections of the 
target in question. As an example, the equivalent area of a 
small airplane is about 10 square meters 

As an example of a radar maximum-range calculation, 
values of parameters of the sample radar set will be sub 
stituted in Eq (12) and the value of P,,, from Eq (15) 
The sample radar set has an assumed peak transmitted 
power (P,) of 10,000 watts, the antenna area (A,) is 
(0.3  2.4)a/4 square meters and wavelength (L) is 0.1 
meter. Smallest target area is assumed to be 10 square 
meters. Then, 


«/10,000 KX 10 * (0.3 K 24 & /4P 
= ( 
R \/ 48 x @1y X12 % 10-8 (16) 


which is equal to about 15,000 meters or about 9 miles. 

This range is shorter than the range of most radar sets. 
Ranges of 100 miles are common and tracking radars for 
following space probes (by using beacons) may have ranges 
of millions of miles. The longer-range sets have higher 
power and more sharply focussed antennas than the sample 
radar set. 


Effects of Parameter Selection 


Equation (12) illustrates that many factors affect the 
range of a radar set. These factors and a few others will 
now be considered separately to show how they affect the 
overall radar-system design. 

Frequency. Choice of frequency is affected by weather 
considerations. Figure 13 shows the effect of air and of 
rain or fog at sea-level pressure on radio waves of radar 
frequencies. The attenuation per kilometer is the fraction 
of radio energy that emerges after traveling a unit distance 
compared to the radio energy that would have emerged in 
a vacuum. For example, an 80,000 mc signal on a rainy day 
suffers an attenuation of 50 per cent per kilometer, which 
means that if the round-trip distance from radar set to target 
and back is but 4 kilometers, the received power on a 
rainy day will be about (0.5)* or 0.0625 times the power 
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Fig. 13 — Effect of weather on atmospheric attenuation of radar- 
Irequency power. 


expected using Eq (11), the equation for received power. 
Thus, at 80,000 me a radar set would require 16 times 
normal expected power for operation at a 2-kilometer range 
in the rain! At twice that range, the power would jump to 
16*, or 256 times normal expected power. For all but short 
range radar or radar used to detect rain (weather radar), 
10,000 me is therefore an upper frequency bound. (Weather 
radars use frequencies from 3000 to 30,000 mc. At 3000 me, 
only raindrops produce reflections, but at 30,000 me light 
clouds can be detected.) 

Equation (12) shows that as wavelength (L) is increased 
(frequency decreased) the maximum range is reduced. 
There is a conflicting factor in the case of high-powered 
radars, however, because the maximum power that can be 
transmitted by the antenna feed lines is larger at lower 
frequencies due to the larger size of the waveguide. Thus, 
unpressurized waveguide at 80,000 me can transmit only 
about 200 kw peak power, but at 3000 mc can transmit 
10,000 kw. As was previously mentioned, the noise figure 
is lower at lower frequencies; hence, there is a trend toward 
low frequencies for sets where maximum range is desired. 
FCC frequency allotments and hardware availability force 


the designer to select from among allotted frequencies. The 


major bands are listed below, with each band of frequencies 
centered at the approximate values: 


Letter Frequency, Wavelength, 
designation mec em 
P 150 2000 
L, 1000 300 
S 3000 10 
G 5000 6 
x 10,000 3 
K 30 000 l 


The effect of frequency selection on beamwidth will be 
discussed later. 

Minimum Detectable Power. Since the maximum range 
of a radar set is proportional to the fourth power of the 
ratio of transmitted power to minimum detectable power, 
large increases in transmitted power are necessary to effect 
modest maximum range increases. On the other hand, reduc- 
ing the minimum detectable signal is often a relatively in- 
expensive way to increase maximum range. 

Signal Integration. As indicated in Eq (14). the minimum 
detectable signal is proportional to the required signal-to- 
noise (S/N) ratio. In the sample radar set calculations, the 
S/N ratio was set at 10. This ratio is such as to insure that 
there is only about a one-in-a-million chance for a noise 
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pulse to be far enough above the average noise power level 
to appear as a signal. The S/N ratio selected assumed that 
10 pulses would be received from each target as the radar 
beam scanned by (blip/scan ratio of 10). Because video 
pulses from a target during a scan add consistently on the 
indicator tube but noise pulses occur randomly, an increase 
in the blip/scan ratio permits a decrease in the S/N ratio 
proportional to the square root of the blip/scan ratio 
change while still maintaining the same odds against a 
noise pulse masquerading as a target return. For example, 
if the antenna rotation rate were slowed by a factor of 10, 
the S/N ratio could be reduced by ¥10 (= 3.16), causing 
an increase in range to ¥ 3.16 == 1.33 times its former value. 
To obtain this range gain by increasing transmitter power 
would require tripling the antenna power. The reduction of 
antenna spin rate would require a longer-persistence display 
tube. The process of adding successive pulses on the face 
of the tube to enhance the effective S/N ratio is called 
signal integration. 

Pulse Repetition Frequency. Besides combining with beam- 
width and antenna rotation rate to determine the blip/scan 
ratio, the pulse-repetition rate determines the “unambiguous 
slant range.” Slant range is the straight-line distance from 
radar set to target and, in general, does not equal the 
projection of the range on the ground. Unambiguous slant 
range is the distance to the farthest target whose echo (if 
detectable) will arrive at the receiver before the next pulse 
is transmitted. As an example, the sample radar set has 
a PRF (pulse-repetition frequency) of 300 pulses/sec. The 
round-trip time required for a pulse to arrive at the receiver 
is 10.8 microsec per mile, so that the farthest target whose 
pulse could be detected within the 0.003333 sec (3333 
microsec) between transmitted pulses is 3333/10.8, or 300 
miles from the transmitter. A target 301 miles from the 
transmitter would return an echo 3344 microsec after its 
transmitted pulse, and so would be received 11 microse< 
after the following transmitted pulse and appear ambigu- 
ously on the indicator as a target 1 mile from the trans- 
mitter. In general, the PRF is selected to be low enough 
to make the unambiguous slant range much larger than the 
maximum range of the radar set. There is a temptation for 
the radar designer to use a high PRF to increase signal 
integration, as discussed previously. 
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Pulse Width. The resolution of the radar set in the slant- 
range direction is affected by pulse width. As illustrated 
in Fig. 14(a), the outward-bound transmitted pulse has a 
leading edge, L, and a trailing edge, 7, separated by the 
distance that radio waves move in the time of a pulse width. 
With a l-microsec pulse, the distance is 1184 ft. 

The circle and square in Fig. 14(a) represent targets 
assumed to be slightly less than 592 ft apart. As the leading 
edge of the pulse strikes each target, the target begins to 
reflect pulse energy in all directions and continues to reflect 
this energy until the time of the trailing edge of the pulse. 
The position of the reflected waves shortly after the trans- 
mitted pulse has passed over the targets is sketched at (b). 
The solid lines and- dashed lines correspond to the reflec- 
tions due to the circle and square, respectively, with the 
leading and trailing edges of the echo pulses identified. 
Since the echo from the farther target had a little less than 
1184 ft more to travel than the pulse from the nearer target, 
the echo pulses from the two targets overlap each other 
and reach the radar set as one long pulse as shown at (c). 
The indicator therefore shows the two targets as a single 
large target. The resolution (ability to discern among closely 
spaced targets) of a radar set in a radial direction from 
the transmitter is therefore limited to about 600 ft times 
the pulse width in microseconds. 

In the case of an airborne radar, Fig. 15 shows how 
the resolution on the ground may be “r” in a radial direc- 
tion, but much more than “r” (“a,” “b,” “c”) on the 
ground. This is a peculiarity of airborne radars—their 
ground-range resolution is best (smallest) at maximum 
range. For maximum-range resolution (either slant range 
or ground range), a short pulse width is chosen. 

Pulse width is related to PRF in many radar sets due to 
the fact that many oscillator tubes can be run at maximum 
power only for an average portion of time (duty cycle) 
without overheating. The maximum duty cycle of most 
magnetrons is between 0.001 and 0.003, so that if peak power 
is developed during each pulse, the product of pulses per 
second and pulse width in seconds cannot exceed the rated 
duty cycle. In the case of the sample radar set, the pulse 
width (0.000001 sec) times the PRF (300 pulses per sec) 
gives a duty cycle of 0.0003. 

Bandwidth. A compromise usually determines the band- 
width of the radar receiver. The output pulse of a radar 
transmitter is shown at (a) in Fig. 16 and the Fourier 
spectrum of the power of the received signal is shown at (b) 
Notice that the bulk of the returned power is in a frequency 
band 2/T cycles wide, where T is the pulse width in 
microseconds. The average power spectrum of the receiver 
noise power is shown at (c). It is essentially constant at all 
frequencies near f,, the frequency of the pulsed energy. 
The choice of a narrow receiver bandwidth, say 0.5/T, 
will increase radar-set sensitivity by increasing the signal 
S/N ratio for a typical pulse return. Unfortunately, as the 
bandwidth is reduced, the video output of the receiver be- 
comes distorted because of loss of the frequency components 
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Fig. 15 — Ground range resolution related to slant of beam. 
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Fig. 16 — Effect of bandwidth on resolution. 


which contribute the sharpness of the pulse corners. Such a 
distorted pulse, as shown at (d), results in poor range 
resolution. 

Since it is not feasible to build a receiver with a sharply 
defined bandwidth, the optimum bandwidth for maximum 
sensitivity is close to 1/T cps and most radar receivers 
operate at a bandwidth of between 1/T and 2/T cps. Besides 
the desire to maintain range resolution, another reason for 
selecting a relatively wide bandwidth is that oscillator fre- 
quency drift and receiver alignment errors have less effect 
on the performance of a broad-band receiver than they 
have on a narrow-band receiver. In the sample radar set 
the bandwidth is 1 mc for a 1 microsec pulse, or 1/T. 

Antenna Beamwidth. The resolution of the radar set in 
directions perpendicular to the slant range direction is 
determined by antenna beamwidth. As a reasonable ap 
proximation, the angular resolution in these directions is 
equal to the beamwidth. If the number of blips per scan is 
very large, the effective resolution angle is reduced slightly 

Since resolution that depends on angle is a larger number 
at long ranges than at short ranges, the resolution normal 
to the slant range is better (a smaller distance) at short 
ranges than at long ranges. Because beamwidth, antenna 
size and wavelength are related as indicated by Eq (1), a 
requirement for fine resolution often forces the use of a 
short wavelength (high frequency) in order to avoid the 
use of a very large antenna, particularly for airborne radars 
An antenna of beamwidth less than about % deg is usually 
very difficult to construct because of the mechanical toler 
ances imposed. 


Modifications of Basic System 


Doppler Effect. The doppler effect is brought into play 
when radar transmitter and target are moving with respect 
to each other. One application is in measuring the speed of 
a plane with respect to the ground, as sketched in Fig. 17, 
where a plane's radar is receiving echoes from a water tower. 
Because the plane moves ahead slightly during the time 
interval between transmitted signal peaks a, 6 and c, the 
round-trip distance for b is less than for a; similarly, peak c 
makes the trip faster than b. This crowding results in the 
echos being received as a narrower pulse than the trans- 
mitted pulse, and the echo frequency is higher than the 
transmitted pulse frequency by f,, the doppler frequency, 
which can be calculated from the approximate formula: 
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ta = 0.000030f.cosd (i?) 


where f, is in cycles per second, f, is the transmitted fre- 
quency in megacycles, v is the plane velocity in miles per 
hour, and @ is the angle between the slant range and the 
airplane flight line. If the radar set and target are moving 
apart, the received frequency is lower than the transmitted 
frequency by f,. 

The doppler frequency shift is usually in the audio range. 
As an example, if the sample ground radar set were operat- 
ing against an airplane flying toward the set at 10 deg 
above the horizon at a speed of 300 mph, the doppler fre- 
quency would be: 


Ja = 0.003 X 300 X 3000 X cos 10 deg (18) 
= 0.003 X 300 X 3000 X 0.985 
= 2660 cps 

A doppler radar set used for aircraft navigation can be 
arranged with four beams transmitting at fixed downward 
angles—one pair to the sides and a second pair fore and aft. 
The average doppler shift in each pair is used as a measure 
of ground speed in the forward and sideward directions and 
a computer is used to calculate present position continuously 
from these data. 

Since distance to the ground is not needed in doppler 
radar navigation, continuous-wave (CW) transmission often 
replaces pulsed transmission. CW transmission obviates the 
need for a duplexer, but generally requires separate receiv- 
ing and transmitting antennas. In general, it requires the 
same average power but less peak power than pulsed trans- 
mission. The transmitted and received signals in a pulsed 
radar have broad overlapping frequency spectrums, making 
measurement of the doppler frequency more difficult than in 
a CW radar set whose transmitted and received signals are 
each almost single frequencies at any instant. 

Police radar is a familiar application of doppler radar. 
The doppler shift of signals reflected by moving cars permits 
rapid measurement of their speeds. 

In airport tower control of traffic, radar targets at either 
long range or low altitude or both are difficult to discern 
among the many echoes received from houses, trees, hills. 
problem, moving-target indicator 
(MTI) circuits are designed into air traffic control radars. 
MTI circuits are principally based on the doppler effect. 
There are two classes of MTI—-coherent and non-coherent. 
Coherent MTI requires a stable master oscillator (a “co- 
herent” oscillator) and non-coherent MTI does not. Each 
system has many variations; one example of each will be 
given. 

As discussed before, echoes received from moving targets 
differ in frequency from the transmitted pulse. They also 
vary in phase and amplitude from pulse to pulse, whereas 


etc. To overcome this 


Fig. 17 — Deppler effect used to measure plane's ground speed. 
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Fig. 18 — Coheremt MTI circuits used to separate moving and 
fixed targets. 


echoes from fixed targets arrive at the receiver at a constant 
phase and amplitude. The variation in phase is caused by 
changes in round-trip path-length due to target motion 
between pulses. The amplitude of a moving-target reflection 
depends on the exact phase relationship between the moving 
target echo and the fixed target echoes at the same range: 
hence, the amplitude depends upon exact target distance. 
In MTI lingo, the unwanted echoes from fixed targets are 
called “clutter.” 

The basic scheme of a coherent MTI circuit, Fig. 18, is 
to measure the phase of incoming echoes and reject those 
whose phase is unchanged from pulse to pulse. Signals 
from the master oscillator and echoes are mixed and con- 
verted to an intermediate frequency using identical mixers 
fed by the same local oscillator. The output waveforms of 
the phase-sensitive detector are shown at (b) or (c) for a 
fixed target and at (d) for a moving target. Each pulse is 
fed into a delay line that retards the pulse for the time 
interval between transmitted pulses so that the comparison 
circuit is always comparing two successive pulses received 
from the same target. If the two pulses are equal, they 
cancel each other and there is no video output. In the case 
of moving targets, the pulses are not equal and there is an 
output to the display tube. 

Since the delay must be for the exact time between trans- 
mitter pulses, the delay line itself is often used as the gen- 
erator of transmitter pulse spacing. Quartz-crystal sonic 
delay lines are commonly used. Due to the frequency- 
response characteristics of crystals (they are rather sharp- 
tuned, high-Q devices), the signal that traverses the delay 
line is usually sent through on an i-f carrier. 

High blip/scan ratios are used in MTI-equipped radars 
to increase circuit effectiveness. As an extreme example, a 
one-blip-per-scan set could not use MTI because no small 
target could produce two pulses for comparison. For accurate 
cancellation, the delay-line path in an MTI set must have 
a gain of unity. 

Should the target move exactly an integral number of 
half wavelengths between transmitted pulses, successive 
pulses from the target would have the same phase and the 
MTI circuit would react as for a stationary target. In the 
case of the sample radar, where the wavelength is 10 cm 
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and the PRF is 300 pulses per sec, the “blind velocity” 
would be: 


ems = 1500 cm/sec = 33.3 miles/hr 
1/300 sec 500 cm/s 33 : 


Fig. 19 — Non-coherent 
MTI block diagram. 
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Fig. 20 — Multiple-beam radar used to distinguish between low- 
angle and high-angle targets. 
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Fig. 21 — Radar- 


beacon principles. 


Other blind velocities would occur at 66.7, 100, 133.3, etc.., 
mph slant range. In order to avoid these blind velocities, 
pulses are usually transmitted as two interleaved trains of 
different PRF’s so that one PRF does not have a blind 
velocity near that of the other. 

In a non-coherent moving-target indicator, Fig. 19, pulse 
amplitudes obtained by ordinary detection methods are 
compared and a coherent oscillator is not needed. This 
MTI approach avoids the need for an extremely stable r-f 
oscillator. Sensitivity of non-coherent MTI circuits is, in 
general, less than that of coherent MTI circuits. In addition, 
non-coherent MTI circuits do not operate unless there are 
fixed target returns at the same slant range as the moving 
target. 

Because the power level of a radio echo varies inversely 
as the fourth power of the distance to the target, the radar 
echoes from nearby objects tend to be overly bright on 
the display tube. An automatic-gain-control circuit is used 
to overcome this effect. It reduces receiver gain just after a 
pulse is transmitted and then raises the gain so that when 
echoes are received from maximum-range targets, the re 
ceiver gain is maximum. The AGC circuit generates a ramp 
voltage that starts at the time of each transmitted pulse 
and is applied as a bias to the receiver amplifier stages 
much like the automatic-volume-control circuits in a car 
radio. 

Airport control radars usually use an array of pencil-beam 
antennas to distinguish between a high-altitude, near-range 
target and a low-altitude, far-range target, which would 
look the same on a single fan beam at the same slant range 
The pencil beams are formed by using a large reflector 
and an array of feed horns stacked one above the other, 
Fig. 20. The transmitted power is distributed among them 
so that more power goes to the feed horns that produce the 
low-angle beams used for detecting the longer-range targets 
Each feed horn has its own receiver, and target echoes 
from the high-angle beams are “painted” on the PPI display 
tube with a less rapid radial sweep than the one for low 
angle beams. Hence, the distance from the center of the 
PPI display is approximately true ground range for all 
targets. Because of the complexity that accompanies sweep 
ing targets from different beams at different rates on the 
same PPI tube, a digital computer is sometimes included 
to convert incoming radar data into a display using letters 
and numbers to describe each intercept. 

Radar Beacons. These devices (also called transponders) 
produce distinctive and strong echoes to a radar set. As 
indicated in the block diagram, Fig. 21, when a pulse of r-f 
energy from a radar set (of the frequency to which the 
beacon receiver is tuned) is received by that beacon, a 
single or multiple burst of pulses is generated which drives 
a modulator-transmitter-antenna chain. A series of r-f pulses 
is produced at the same frequency as the received pulse 
or at a different frequency. Since the beacon set might be 
“seen” from almost any aspect, it usually uses transmitting 
and receiving antennas that are approximately isotropic in 
pattern. 

Figure 21(b) illustrates how a beacon appears on a PPI 
radar screen. The return from a small target appears as 
a single blip (x). A pulse return from a beacon that trans 
mits at the same frequency as the transmitter of the il 
luminating radar set is shown at (y). An ordinary target 
return (from the object that contains the beacon) is followed 
T, sec later by a short pulse of wide angle on the scope, and 
T. sec after that, a long pulse of wide angle appears. Ex 
ample (z) shows how a beacon reply appears if the beacon 
receives at one frequency and transmits at another, The 
ordinary target reflection does not appear since the radar 
receiver is tuned to the beacon transmitter frequency. 

Beacon replies appear as returns over a wider angle than 
those from ordinary targets because the strength of the 
signal leaving the beacon is uniform as long as the beacon 
is triggered by a pulse of adequate strength. The strength 
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of an ordinary target echo is strongly affected by the trans- 
mitter beam pattern. 

The beacon delay, 7,, can be a fraction of a microsecond 
if desired, so that the first beacon return is received at the 
time of a normal target return. Beacon signals can be 
detected at very long ranges because the strength of beacon 
replies is much greater than the strength of ordinary 
target reflections. 

The distance-measuring equipment (DME) of the Fed- 
eral Aviation Authority is a use of ground-based beacons as 
a navigation aid. Beacons operating at about 1000 me are 
located near the radio transmitters used to create the major 
airways radio beams. By transmitting a pulse at the beacon 
frequency and measuring the time between transmitted 
pulse and reply, a pilot can tell his distance from the station. 

Marine radar navigation beacons are in use at many major 
harbors, and radar reflectors are found on many buoys 
and on small craft to increase the strength of their radar 
echoes and make them more visible on a ship’s radar 
screen. A commonly used reflector is a “corner reflector” 
consisting of three diamond-shaped metal surfaces that 
bisect each other at right angles. Most of the r-f energy 
that strikes a corner reflector will be reflected back in the 
direction of the energy source. 

In shipborne radar, high frequencies such as X-band are 
used to keep the physical size of the antenna fairly low 
and the antenna is mounted high to permit a long-range 
look over the surface of the sea in azimuth. A narrow pulse 
width (0.1 microsec or less) and a narrow beam width in 
azimuth are used to permit good resolution at short ranges 
PRF’s are high—about 10,000 to 30,000 pulses per sec. 

In order to reduce radar echoes from waves, an antenna 
feed arrangement is used to produce a mode of transmission 
called “circular polarization.” Such a feed causes propaga 
tion of r-f energy in a form ‘that produces echoes from 
water droplets and waves that are severely attenuated by 
the antenna and feed horn during reception. Reflection. 
from ships, buoys, piers, etc. are only slightly reduced in 
intensity, so the net effect is a repression of “sea return” 
or “sea clutter,” as such wave echoes are called. 

Tracking Roders. Radars used to measure the flight of 
weather balloons, space vehicles, test airplanes, ete., are 
called tracking radars. The basic block diagram of a 
simple tracking radar and the double-antenna arrangement 
are shown in Fig. 22. If the target is on a line midway 
between the two antennas, both receiver A and receiver B 
have signal inputs of the same strength; if the target i 
not on a midline, one receiver channel has a larger signal 
input than the other. An unbalance between the two inputs 
to the comparator from the two receivers causes the com- 
parator output to drive the amplifier that powers the posi 
tioning motor until the antenna assembly points at the 
target. A similar servo loop is used in a plane perpendicular 
to the system described, and the total antenna assembly 
of four antennas points at the target. By measuring the 
elevation and azimuth angles, the direction of the target is 
known. The output of all receivers is added and goes to a 
ranging circuit which computes the target distance by 
measuring the time delay between the pulse-generator out- 
put and the video signal. The arrangement of duplexers 
discussed earlier protects each receiver input from burnout 
by transmitter pulses through the same antennas. 

Another scheme used to provide a control signal for 
antenna aiming is to rotate a single antenna about an axis 
a few degrees away from the antenna centerline, as shown 
it (a) in Fig. 23. The resultant beam tracing pattern at 
successive instants of time is shown at (b). If the target 
is located on the axis of rotation, the receiver output will 
be a steady chain of pulses such as shown at (c); other- 
wise, the receiver video output will be modulated as at (d). 


The amplitude of this modulation and its phase with respect 
to the antenna assembly rotation are used to control the 
antenna steering motors. 
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Tracking radars must be pointed toward the target at 
the start either by data from another radar, by an operator. 
or by the use of the tracking radar as search radar to locate 
the target initially. Once a tracking radar is “locked on” 
its target, the successive echo pulses appear at about the 
same time following each transmitted pulse. To help prevent 
accidental unlecking of the radar by a burst of noise or 
other interference, “range gating” is used. This is a scheme 
that automatically turns the receiver or receivers off except 
for a little time before to a little time after each echo is 
expected. The range gate circuit uses the range dial setting 
as the basis of its cycle. 


Block diagram of a tracking 


Time— 


Fig. 23 — Another system of tracking radar. 
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ig. 24— Airborne altimeter using FM radar. 


range 
Fig. 25 — Variations in slant range encountered in aerial map- 
ping by radar. 


In the tracking of space probes, large antennas are used 
(60 ft diam and larger) and beacons are used in the 
vehicle to obtain maximum range. 

Airborne Altimeters. In theory, any pulsed radar set whose 
antenna is pointed down could be used as an airborne 
radar altimeter, but in practice the time delays in duplex- 
ers and the limitations of resolution imposed by pulse width 
make the use of an FM* (frequency modulated) radar 
desirable for low-altitude use. Figure 24(a) shows the 
block diagram of a possible FM radar altimeter. Separate 
receiving and transmitting down-looking antennas are 
mounted in the belly of the airplane. The sawtooth gen 
erator and modulator causes the transmitted signal to vary 
in frequency in a manner shown by the solid lines in (b). 
A small portion of the transmitted signal is mixed with the 
received signal in a crystal mixer. Since the transmitter has 
changed frequency in the time that it has taken the signal 
to go to the ground and back, the received-signal frequency 
differs from the transmitted frequency by Af. If the trans- 
mitter tuning rate is fixed, Af is proportional to aircraft 
altitude above the ground. The output of the mixer is filtered 
to retain Af which is amplified, limited and fed to a fre- 
quency meter calibrated in feet. Actual sets use various 
modulation waveforms, but operate under the same prin 
ciples. 

Very accurate distance measurements at long ranges are 
possible by a beacon system called SHORAN (Short Range 
Aid to Navigation), used for accurate surveys by aerial 


*FM rader is sometimes dubbed “continuous wave’ radar because the trans 


mitter is on continuously rather than in pulses 


118 


photographs. The interrogation by an aircraft radar of the 
ground-located beacons at known points can indicate the 
range from the aircraft to each beacon within 20 yards 
at 200 miles distance. 

Airborne navigation by radar mapping depends upon 
echoes from ground objects and must compensate for vari- 
ations in slant range. As sketched in Fig. 25, the radar 
antenna, covered by an r-f{ transparent plastics radome, 
rotates in azimuth (about a vertical axis). From ground 
points a, 6, c, etc., radar echoes arrive at the receiver at 
evenly spaced intervals of time. Since these points are not 
uniformly spaced, the radar display sweep must be non- 
linear to avoid presenting a distorted ground map. Use of 
a non-linear sweep converts the time of echo arrival (essen- 
tially a slant-range measurement) to ground range and is 
called “slent-range correction.” As shown in Fig. 10, the 
radar display resembles a map because different types of 
terrain and man-made objects produce reflections of dif- 
ferent intensities. 

At long ranges, raised objects, such as mountains, create 
shadows (shaded region in Fig. 25) which exclude trans 
mitted energy from the shaded region; hence, they create 
blind spots. Thus airborne radar is limited in range to 
the horizon. 

Interference. Interference among radar sets is due to the 
nature of radar-set operation. Two radar sets on the same 
frequency may cause random targets to appear on each 
other’s displays. The harmonics of a nearby radar may be 
at the frequency of a second radar set. Beacon signals in 
reply to another radar interrogating the beacon may be 
seen on a PPI. The problem is very complex because the 
interference may be a strong signal from almost any direc 
tion at any time. Although a radar set has a focused beam, 
the antenna has some sensitivity in any direction, and so 
the position of an interfering signal on the display tube 
usually has no relation to the map location of the source 
of interference. 

The major technique used to eliminate or reduce such 
interference takes advantage of the fact that the interfering 
signal will not be synchronized to the home radar’s pulse- 
repetition pattern. By eliminating all targets from the dis 
play that fail to appear the same time after at least two 
successive transmitted pulses, much interference is elim 
inated. Unfortunately, so are some moving-target signals 
The problem has no simple answer and almost all inter 
ference rejection is accompanied by some reduction in 
desired performance. ooo 
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Variability in Functional Aging 
Of Mylar Polyester Film 


For Hermetic Motor Applications 


Report of investigation on batch-to-batch variability of commercial 


production-grades of Mylar film to disclose any potential adverse 


effects on hermetic motor systems. Both classical tests (density, 


viscosity, etc.) and functional tests were conducted. Results are 


summarized and test methods described. No significant variations 


were found. 


L. S. LAZAR* 

Ww. V. OLSZEWSKI 
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Schenectady, New York 


IN AN INVESTIGATION of Mylar polyester film for slot in- 
sulation, the Hermetic Motor Department of General 
Electric Company found it necessary to determine the 
potential batch-to-batch variability in the characteristics 
of commercial grades of this material that might ad- 
versely affect hermetic motor performance. Prior to the 
initiation of the program it had been established that 
the overall electrical, mechanical and thermal character- 
istics were fully satisfactory and it had been conclusively 
demonstrated with functional units (J, 2, 3)+ that 
(a) the inclusion of Mylar in hermetic motor systems 
is not harmful to the other components and (b) Mylar 
ages satisfactorily under true hermetic motor conditions. 
Variability in commercial grades, however, was still to 
be investigated. 

The first phase of a two-phase program was devoted 
to investigating inherent variability in commercial-grade 
* Mr. Lazar is now with the General Electric Company, Missile and Space Vehicle 
Department, Philadelphia, Pennsylvania 
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7.5-mil Mylar by classical measurements of density, vis- 
cosity, extractables and shrinkage. With one exception, 
the 22 batches of production-type material measured 
were shown to be very consistent. (4) However, it was 
felt that classical tests should be supplemented by func- 
tional evaluation. 

The second phase consisted of a limited program on 
the functional aging of 7.5-mil Mylar in a simulated 
hermetic motor system. The system consisted of water. 
Freon 22, Suniso 3G refrigerator oil, bare copper wire, 
Mylar, blued steel and aluminum in specific relative pro- 
portions similar to service conditions. The test conditions, 
although simulating a hermetic system, were deliberately 
made more severe in order to accelerate the completion 
of the tests. The results must therefore not be used for 
predicting the life of Mylar in a hermetic system. 

Changes in mechanical behavior of triplicate specimens 
from ten of the batches of Mylar studied in the first 
phase were used as criteria for aging and were assayed 
by the Massachusetts Institute of Technology fold-flex 
and the General Electric punch-bend tests, as described 
later. These methods were chosen from earl er work (5) 
which indicated their sensitivity to slight changes in 
flexibility of films from the very flexible to the shatter- 
brittle regions. No study of corrosion of capillary plug- 
ging was made because this behavior was investigated 
separately within the General Electric Company. 





000r—F tt tt 
a ed 
t+ 4} ++ 


Fig. 1 — Gradual loss in mechanical integrity of various batches 
of commercial grades of 7.5-mil Mylar polyester film in a 
hermetic motor environment after being aged at 140 C. When 
Mylar is in the flexible region of aging, the data are given as 
the number of fold-flex cycles to failure vs time at the given 
temperature. In the shatter-brittle region of aging, the punch- 
bend method is used and the data are given as maximum stress 
at center vs time. 
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Fig. 2— Gradual loss in mechanical integrity of Mylar film 


after aging at 160 C. Otherwise, same conditions as for Fig. 1. 


120 


Batch-to-Batch Variability in the 
Aging Characteristics 


Figures 1 and 2 illustrate the gradual loss in me- 
chanical integrity of the various batches of Mylar after 
having been aged at 140 C and 160 C, 
one hermetic motor environment. When the Mylar is in 


respectively, in 


the flexible region of aging, the data are presented 

the number of fold-flex cycles to failure vs _ time-at- 
temperature. In the shatter-brittle region of aging, the 
punch-bend technique was employed and the data are 
presented as maximum stress at center vs time. In this 
case, the stress was multiplied by an arbitrarily chosen 
factor in order to confine the data obtained by the twe 
methods into one plot. Curves were drawn through the 
maximum and minimum values at each aging period 
to define a band of values that characterizes the aging 
behavior at 


each temperature. In Fig. 2, dotted curves 


have been drawn neglecting the apparent reversal in 
embrittlement noted at 135 hr. 

In Figs. 1 and 2 the spread between the maximum and 
values obtained at the 


minimum batch various aging 


time periods appears to be consistent. In addition, note 
that while the 
ferently under the same aging history (e.¢., 
and B), 


the maximum-minimum batch curves, are quite regular. 


behave dif. 
batches G 
the overall behavior patterns, as illustrated by 


individual batches seem 


Thus the batch-to-batch aging characteristics of 7.5 mil 
motor environment 
batch-to 


aging characteristics could be 


Mylar under a simulated hermetic 
are qualitatively consistent. The quantitative 
hatch 


determined statistically on the basis of within-batch con 


variation in the 
sistency (6), but this did not appear to be worthwhile. 
In Figs. 3 and 4 a non-dimensional plot of per cent of 
initial strength vs aging time is shown; this plot divorces 
the influence of initial strength from aging characteristics. 
Curves drawn through the maximum and minimum batch 
embrittlement band 


similar to that in Figs. 1 and 2. The rank correlation 


values established a characteristic 


of the batches is somewhat changed from the data pre 


sented in Figs. ] and 2: however, the spread between 


maximum and minimum batch values appears equally 
consistent throughout aging history. In addition, the 
relative various batches within the band 


at different time periods suggest that 


rankings of the 
(such as C and L) 
any variations in the Mylar behavior are due to normal 
rather than to any real difference in aging charac- 
teristics. The 
from the same family, 


scatter 
Mylar batches tested thus appear to be 
although to establish them defi- 
nitely as part of the same statistical population would 
require further analysis of the data. 


Mechanical Techniques of Evaluation 


A study of the deterioration in the mechanical charac 
teristics of Mylar film requires a technique which can 
significantly assay slight changes in embrittlement over 
the full range of flexibility from the as-received condi- 
tion to the shatter-brittle region. Previously, 
ments of the 


measure 


short-time tensile strain to failure have 
as criteria for determining changes in em- 
brittlement of Mylar caused by aging. (2, 7, 8) The 
accurate measurement of tensile strain requires, how- 
ever, a method for measuring strain independent of 
crosshead travel and a means of cutting flawless tensile 


specimens. In addition, tensile-strain-to-failure measure- 


been used 
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ng of botches on the basis 





Fig. 3A non-dimensional plot of per cent initial strength vs 
aging time for Mylar film at 140 C. Embrittlement bend has 
similar characteristics to that shown in Figs. 1 and 2 


ments are incapable of accurately assaying further em- 
brittlement of Mylar in the shatter-brittle region. 

The punch-bend method is described in detail in 
Appendix C. With this test it was possible to distinguish 
between the degree of brittleness of mica and a Mica- 
mat mica paper formulation exceedingly well where other 
methods tried before had failed. In attempting to specify 
degree of brittleness in aged Mylar, it was decided to 
appraise this test. Samples of various batches from the 
variability phase of this program were placed in a bomb 
to be aged in Suniso 3G and Freon 22 at 175 C for 65 hr. 

The results of this experiment showed that the punch- 
bend test was capable of distinguishing small differences 
in embrittlement in a region of brittleness where small 
differences had previously been indistinguishable. Based 
on this work, it was decided to incorporate this test into 
the present program for studying the aging character- 
istics of Mylar. 

With this problem solved, it now remained to find a 
test capable of evaluating Mylar embrittlement over a 
more flexible region which would, however, extend into 
the brittle region where the punch-bend technique begins 
to be useful. In this regard, two test methods were 
investigated—standard tensile elongation and MIT fold- 
flex testing. Although a technique had been developed 
(8) for measuring the tensile elongation of rectangular 
Mylar using only crosshead motion, this technique re- 
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Fig. 4 -A non-dimensional plot of per cent initial strength vs 
aging time for Mylar at 160 C. 


quired too large a sample for this program. Therefore, 
a standard tensile specimen was used to investigate the 
tensile method. Elongation was measured using a cathe- 
tometer to follow the extension of two ink gage marks. 
To overcome the problem of obtaining rectangular tensile 
specimens, a simple method was developed for cutting 
these specimens flawlessly which heretofore had not been 
possible. [This method has been described in an earlier 
report. (5)] By means of this tensile technique it was 
possible to measure elongation of Mylar film with 
maximum allowable accuracy of within 0.5 per cent ex- 
tension. To obtain this type of accuracy, however, re- 
quired two operators and dual cathetometers. With one 
operator, an accuracy within only 2 per cent extension 
could be expected. The main difficulties with using this 
method were its expense and its somewhat low sensi- 
tivity to slight changes in embrittlement. 

The MIT fold-flex test is a standard method for 
measuring the flexibility of films by repeated folding 
under tension. It is inexpensive to operate, requires only 
small rectangular specimens, and appears to be quite 
sensitive to changes in the brittleness of Mylar. It was on 
the basis of this investigation that a decision was made 
to use a combination of the MIT fold-flex and the punch- 
bend tests to assay the effect of thermal aging in a simu- 
lated hermetic motor environment on the mechanical 
behavior of 7.5 mil Mylar. 


Appendix — Test Proce eee 


A: Sample Preparation 


One of the most important factors in the accuracy of 
mechanical-strength measurements on Mylar film is the 
presence of flaws at the edges. Such flaws in the fold-flex 
test and tensile elongation evaluation work would have 
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proved most detrimental. The following description of the 
methods used in sample preparation reflects the effort spent 
in preparing specimens free from gross flaws. 


e@ Mylar Standard Tensile Specimens. Specimens were 
prepared with the aid of the Tensil-Kut machine. This 
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machine in essence is a high-speed router set up to cut a 
specimen held in a standard tensile-specimen template. For 
cutting 7.5 mil Mylar, this technique was changed slightly. 
More than one specimen was cut at a time. To keep the 
specimens from buckling, a blank of Plexiglas acrylic and 
an undesired specimen of Mylar were placed on the top 
and bottom of the stack to be cut. This technique produced 
specimens which, after being polished in a stack with 
double-zero emery cloth, proved to be flawless. 


e Mylar Fold-Flex Specimens. Standard specimens 0.591 
x 5 in. were prepared for the fold-flex work by shearing 
them on a special fold-flex sample shear. (Special care 
should be given to making certain that both cutting edges 


B: High-Pressure Experimental Procedure 


The following materials were used in all the aging runs 
in the weight ratios mentioned: 


Vaterials W eight ratio 


Mylar 0.10 
Bare copper magnet wire 0.26 
Suniso 3G refrigerator oil 1.00 
Freon F22 1.00 
Water 0.0008 
Aluminum one pellet (approximately 90 gm) 
Blued steel chips an amount equal to the aluminum 


Although these weight ratios were kept constant, the 
amounts used in the 160, 140 and 120 C runs were varied 
in an attempt to keep the pressure of all the runs constant. 

The Mylar samples, bare copper magnet wire, aluminum, 
and steel used in all the runs were weighed to the nearest 
0.1 gm, washed carefully in three baths of petroleum ether’, 
and were placed in a 1780 ml stainless steel pressure vessel, 
approximately 5 in. OD, 3 in. ID and 5 ft high. The autoclave 
type bomb had been cleaned with acetone and dried with 
nitrogen before loading. The wire, aluminum, and steel 
were contained in the bottom of the autoclave by a stainless 


* “Ligroin™ BP 35-60 C (purified by permanganate) 


C: Punch-Bend Test Method 


In new methods for finding mechanical differences be- 
tween mica and Mica-mat mica paper, developed by C. D. 
Doyle and W. VY. Olszewski,t the prime consideration was 
to obtain a realistic test—i.e., one that would subject the 
materials to the same stresses they receive in practice. In 
actual practice, these stresses are of a fairly complex nature 
and consequently no simple test is adequate to disclose 
differences in the two materials. 

A fixture was developed, as illustrated in Fig. 5, which 
was a modification of the punch-type shear tool described 
in ASTM D732. It consisted of a ring, upon which the 
sample was supported, and a cylindrical plug which rested 
on the sample. In contrast with the plug of ASTM D732, 
the plug of this test was deliberately made smaller in out- 
side diameter in order to minimize the effect of the mica 
flake size and to approach practical conditions. A compres- 
sive load was applied to the mica or Mica-mat. In effect, this 
test was one of a load upon a simply supported plate. This 
introduced a complexity of stresses, but single-unit data 


+ From General Electric Report, “Mechanical Properties of Mica and Mica- 
Mat,”’ W. V. Olezewski. 
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are honed to a high degree of sharpness and contain no 
nicks.) Specimens prepared by this method were examined 
by the “fingernail approach” to ascertain flawlessness. This 
qualitative technique consists of running the edge of the 
fingernail over the cut edge of the specimen. Although 
microscopic examination would have been an improvement 
in technique, the time and expense of such a technique 
would have been prohibitive. 


© Mylar Punch-Bend Specimens. Specimens 2 in. x 2 in. 
were cut out by the same shear as used for the fold-flex 
work. In this work no special emphasis was placed upon 
edge flaws, since this test is a plate-bending technique in 
which failure starts at the center of the specimen 


steel screen to prevent their damaging the Mylar specimens 
during the rocking operation. Suniso 3G refrigerator oil, 
weighed to the nearest 0.1 gm, was then added and the 
bomb was sealed. 

The autoclave was evacuated at room temperature, heated 
to 120 C, and then further evacuated to a pressure of 1 mm. 
This temperature-pressure condition was held for a period 
of 20 min. The bomb was then cooled to room temperature 
and vacuum was released with dry nitrogen. This careful 
drying procedure was followed in an attempt to quantify the 
amount of water present in a run. A minute flow of nitrogen 
from the autoclave was permitted after vacuum release to 
prevent entrance of atmospheric air. The proper amount of 
distilled water was then injected into the bomb through the 
entrance port with a calibrated 1 cc hypodermic syringe. 
Commercial dry F-22 Freon was charged into the bomb, 
which was then sealed again and placed in a rocker. The 
autoclave was electrically heated to the proper aging tem 
perature and temperature was controlled within +5 C. 

This procedure was used in all aging runs except the 
120 C experiment. The procedure for this run varied slightly 
in that a cylindrical “Paar” flask (approximately 12 in. 
diam, 12 in. high and 8 in. ID) was used instead of the 
autoclave and samples were aged without benefit of rocking. 
The pressure in this run was slightly reduced because of 
the strength limitations of this apparatus 
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Fig. 5 — Fixture for the punch-bend test method used to deter- 
mine differences in the mechanical behavior of flexible elec- 
trical insulation, as originally employed in studies of mica 
materials and now applied in investigation of Mylar variability 
in aging. Formulas are shown for the calculation of modulus 
of elasticity and maximum stress at center of specimen. (See 
table in Appendix C for typical calculated data.) 


moximum stress of center 


ELECTRO-TECHNOLOGY 





could be calculatedt by assuming a homogeneous specimen 
having a Poisson ratio of 3. 

The formulas derived on these assumptions are given in 
Fig. 5. The calculated values of modulus and maximum 
stress at center for 18-mil mica and Mica-mat (see ac- 
companying table) show clearly how the punch-bend test 
method provides convincing quantitative measurements of 
the differences in mechanical behavior in materials of this 
nature—particularly for the maximum stress values. 

This original experience with mica materials has led to 
the adoption of the punch-bend test method in the study 
of variability of Mylar discussed in this article. O00 
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Comparative Tests by Punch-Bend Test Method on Samples of 
Flexible Electrical Insulation (Flake Mica and Mica-mat Mica 


Paper)* 


Thick- Modulus |Max. stress 

ness, of at center, 
Material in. elasticity psi 

Mica flake 019 2.63 X 107| 2.32 x 10° 
.018 .72 .94 
020 a. | 84 
.018 . .79 
018 : .40 
.019 , 94 
81 


15 
.39 


2 
z 
2 
2 
2 
1 


Average 
Standard deviation 


* Ser Vig. 5 for formulas 
“Improving Voltage and Thermal Endurance Through Silicone 


Overcoating,” J. J. Hinchen, TIS Report 57GL387, January 8, 
1958 


Special Electrical Insulation Section 


IN THE DECEMBER ISSUE 


e TIMED TO THE National Conference on the 
Application of Electrical Insulation, to be held 
in Chicago’s Conrad Hilton Hotel December 
5-8, the December issue of ELECTRO-TECH- 
NOLOGY will carry a special fifty-two-page edi- 
torial supplement on electrical insulation. The 
Science and Engineering Series article will be 
on an insulation subject of vital importance to 
design engineers. 


Long committed to the policy that materials 
are fundamental in all design engineering, 
ELECTRO- TECHNOLOGY (formerly Electrical 
Manufacturing) always has placed major 
editorial emphasis on electrical insulation as 
a key consideration in the development of 
electrical/electronic components and systems. 
The Insulation Section, under the direct su- 
pervision of Special Features Editor Alex. E. 
Javitz, will be an authoritative review of the 
state of the art in perspective with the total 
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problem of design engineering. It will reflect 
the integration of research and application in 
this field. 


The Special Insulation Section should be 
especially valuable to those readers who are 
interested in the Electrical Insulation Confer- 
ence and Exposition in Chicago, for it will 
implement some of the important discussions 
of that conference, which will be in the fol- 
lowing subject areas: 


> rotating machinery 

& distribution and control apparatus 

® electronics and communication equipment 
> testing methods and evaluation data 

® European application practices 

> fundamental properties of insulation 
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Characteristics and 


Minimization of 
Electrical Noise 


JOHN R. RIGGS 


issociate Editor 


[oO DEFINE “noise” in all its current technical us- 
ages would be a difficult task indeed, although the 
dictionary takes only three lines to do so. It was 
essential, therefore, that we place the qualifying 
adjective “electrical” in the title of this article to 
get the proper frame of reference. Electrical noise 
is produced by a number of different phenomena 
The most common, and one that is present in every 
electrical equipment, is thermal noise, caused by 
thermal agitation of the charges in a conducting 
medium. Equally troublesome in most current 
equipment (because it involves electron tubes of 
one kind or another) is the noise caused by the 
shot effect in tubes. 

A few years ago, noise, though present, pre- 
sented no problem because it was such a minor 
portion of the electrical signal under consideration. 
In these days of extreme accuracy, however, the 
presence of electrical noise is always to be reck- 


oned with. Nothing can be more aggravating to the 
designer of a radar systean (or any system which 
depends for its accuracy on the relative strength of 
a small signal), than the presence of noise. Since 
its origin and characteristics can be so diverse, its 
detection and minimization are extremely difficult. 
Amplification of the weak signal is not enough to 
correct the condition, since the noise is amplified 
as well, merely increasing its potentialities to cause 
trouble. To eliminate the source of the noise is 
usually impossible. It remains, then, for the de- 
signer to attempt to understand as well as possible 
the nature of the noise that is present and take 
whatever steps are available to reduce its effective- 
ness. 

This article presents some of the concepts useful 
in comprehending the effects of noise on system 
behavior as well as the elementary techniques 
which permit one to evaluate system performance 
The use of these concepts in analyzing a satellite 
tracking system provides a practical application. 

Much of the material presented in the article has 
been abstracted from the author's textbook, Princz- 
ples of Noise, published by John Wiley and Sons, 


New York. 
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ELECTRICAL NOISE 


© definitions of origins and character. 


J. J. FREEMAN The Nature and Source of Noise 
Senior Physicist 

Vitro LABORATORIES 
Silver Spring, Maryland 


WE DEFINE NOISE as any random phenomenon which 
obscures a signal. We shall see that it is its random or 
unpredictable characteristic which prevents us from com- 
pensating for the presence of noise—-in contradistinction 
to systematic errors, which may be accounted for. Before 
trying to refine our notions of noise, let us examine a few 
examples of how it arises 


(a) The sun's energy is measured with a photocell over 
a certain period (say | min) in order to infer the mean 
solar power radiated in that spectral range. Excited atoms 
in the sun's surface give birth to photons or quanta of 
energy, some of which are emitted in the right direction 
to be registered by the photocell within the period of 
one minute, the duration of our interval of observation 
Although the average number of photons born in as long 
a period as a year is essentially constant, the number of 
photons born in a small time interval (such as a minute) 
fluctuates from interval to interval. Here, fluctuations in 
the measured radiation arise because of the intrinsic nature 
of the signal itself, which fluctuates 


(b) A pure sinusoidal electromagnetic wave impinging 
on a moving target may be phase-modulated by the target's 
motion so that the reflected wave form is no longer purely 
sinusoidal, since it also has random-modulation components 
superimposed on it 


(c) The properties of a medium may fluctuate, randomly 
perturbing any signal traveling through it. The twinkling 
of a star, or scintillation, which is the random motion of 
the image of a star, is caused by fluctuations in the index 
of refraction of the atmosphere. Similarly, the phase of 
a sound wave traveling through seawater can be observed 
to fluctuate randomly because of the sea’s acoustical 
properties. 


(d) Since electrical devices such as tubes, switches, and 
conductors are composed of elementary particles which 
are engaged in random heat motion, these devices produce 
noise. 


Properties and Characteristics 


Concept of Random Processes. To deal quantitatively 
with any phenomena which exhibit fluctuating or noise-like 
characteristics, one must idealize those characteristics and 
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procedures for detection and minimization 


create a mathematical model whose properties correspond 
to those of the phenomena. The usefulness of the 
theoretical model depends directly upon how closely its 
properties agree with those of the phenomena. Because 
the properties we wish to explain are extremely complex, 
any mathematical representation of them will necessarily 
be somewhat abstract and complicated 

Before setting up a model of noise, consider the follow- 
ing experiment: Connect a passive resistor to a high-gain 
amplifier and record the output as a function of time on 
graph paper. The resulting voltage would look like v,(1) 
of Fig. 1(a). Repeating the experiment would generate 
a voltage like v,(1) in Fig. 1(b) and, again, like v,(1), 
Fig. l(c). We notice that, although each experiment was 
performed under identical macroscopic conditions, the 
outcome of each was different. This is similar to the toss 
of a die. In the throw of a die, the outcome is a single 
event——one of the integers | through 6. In the case of our 
voltage measurement, each experiment yields a function 
of time. In the case of the die, the number which can 
come up, call it N, can assume any one of the 6 integers, 
each with a probability of '«. Thus N is a variable which 
can assume certain possible values, but the particular value 
which occurs as a result of a particular experiment or trial 
depends upon chance, so that N is known as a random vari- 
able. It is characterized completely by the values which 
N can assume, together with the associated probabilities 
of their occurrence. Similarly, the outcome of a measure- 
ment of voltage across the passive resistor can result in 
any one of an infinite number of different possible func- 
tions of time such as v,(1), v,(1), etc., and this voltage 
is called a random process and designated v(t). The col- 
lection of these different possible functions is known as 
the ensemble of v(t). One way of visualizing a random 
process, then, is as a collection of possible functions of 
time, each associated with the probability that the given 
function occurs 


Probability Distribution. We may equally well conceive 
of a random process as a function which develops in time, 
the value it takes at any instant depending upon chance 
As an example, consider the curve representing a possible 
history of the population, N(t), of bacteria in a culture 
(Fig. 2). At t==0, one starts with N, individuals, or 
N(O) N,. At each ensuing instant, N(1) has a certain 
probability of increasing by one (an individual is born), 
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or decreasing by one (an individual dies), or of being 
unchanged (no births, no deaths). 

Here the possible values which N(1t) can assume are 
discrete integral values. At a given instant, ft, the popula- 
tion probability, m, is a certain integer, or prob[N(‘) == ml]. 
This is designated as P(m,t). The process is described in 
more detail if one knows the joint probability that N == m 
at time ¢, and N=n at t,, or P(m,t,;n,t.). Similarly, 
higher-order joint probabilities would describe the process 
in further detail. 

The voltage, v(‘), across an open-circuited resistor is 
an example of a continuous random process which can 
take on a continuum of values. Since a continuous process 
can take on an infinite number of possible values, one can 
only ask: What is the probability that v(t) lies within 
a given range—say, from v, to v,? The probability that 
v(t) lies between v, and v, or prob[v,<v(1)<v,] is a posi- 


Fig. 1—Typical noise 


 ——a 


Fig. 2—A particular sample of the development of population 
with time. 
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tive number, at most equal to one, which decreases as the 
interval v, — v, decreases. If the interval shrinks to an 
infinitesimal, the probability the v(1) lies within that 
interval also shrinks to an infinitesimal. Letting v designate 
a possible value of the voltage and v designate a particular 
numerical realization of this voltage, the probability that 
v lies in the range (v, v + dv) equals 


prob[r<v<r + dr) = p(r)dt 
where 


, Prob lo<v<e + dr] 


Av) = lin de QQ) 


fr 


is called the probability density, since it equals the limit 
of the probability per unit length as the length, dv, of the 
segment approaches zero. 

We see that a continuous random variable, or random 
process, is described by a probability density, or a set of 
joint probability densities. For example, the probability 
density, p(v), of the open-circuit voltage at a given instant, 
t, has the form shown in Fig. 3. The prob[v<v(1)<v +- dv] 
equals p(v)dv. To determine the probfa<v(1) <b), divide 
the interval (b — a) into elementary segments of length dv 
The probability that a<v<b is the probability that v(1) 
lies in one of the elementary segments. Since the prob- 
' ability of a sum of mutually exclusive events equals the 
sum of the probabilities of each elementary event, 


> p (edt ple)dr 
é 2 


a 


probia vit) }, 


which equals the cross-hatched area in Fig. 3. By analogy 
to the case of a discrete process, the continuous random 
process is described more completely by the probability 
that v(t) lies between v, and v, -+ dy, at time 1,, and also 
between vy, and v,-+ dy, at t,. We designate this joint 
probability by p(v,,v,)dv,dv,. Similar higher-order prob- 
abilities define the process more and more completely. 


Specifying a Process by its Moments. Some idea about 
the random process is furnished by parameters which are 
typical of the process and hence serve to describe it. Thus, 
the mean value, w(1), is defined as 


vif) | rp(r)dr 


The mean value gives one a rough estimate of the ex- 
pected magnitude of the process. It equals the average of 
a great many typical values or samples. The noise voltage 
across the passive resistor will take on positive values as 


MRO Hao y 


Z 


Fig. 3—Example of a probability density. 
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often as negative values so that the average or sum of the 
voltages sampled, divided by the number of samples, ap- 
proaches zero as the number of samples becomes large. 


The mean value of v" is defined as 


f " or yelt 


and is known as the n‘* moment of v. Thus the mean is the 


first moment. If g(v) is any function of a random vari- 
able v, we use the designation 


g(e) fo pr de 


- 


to designate the mean value of ¢(v). Occasionally, we use 
the symbol <ge(v)> vee instead of ge(v) for typographical 
convenience. It is easy to show that, if e(v) and /Afv) are 
arbitrary functions of v, then 


a(v) h{w) g.¥) hide) 


In other words, the mean of a sum of variables equals the 
sum of the means of each individual variable 
The variance, 


v(t) (wv) 


wv) ptrdetr 


is a measure of the fluctuations about the mean. It equals 

the average of the square of the deviations from the mean 

The symbol o* is usually reserved to designate the variance 
The second-order mixed moment 


v(i,vil,) f 


gives information regarding the average connection in time 
between the values of v(t). If v(t) contains a wide band 
of frequencies, there is little correlation between the valuc 
of v at one instant and the value it may take on at a later 
instant. If w(t) contains only a narrow range of fre 
quencies, which means it is constrained to a prescribed 
rate of change, the value it takes on at a later instant 
is more closely dependent upon its earlier values 


Stationarity. In this article we consider only random 
processes whose statistical mechanism does not change 
with time so that, although the process varies with time 
its statistical properties remain fixed. For example, in a 
stationary population, the average remains fixed, although 
the population varies with time. More formally, v(t) 1s 
stationary if 

pivi(t), wets) pw i), wl le) (9) 
That is, the probability densities of v,(/,) and v,(/,) are 
unchanged by a shift in the origin of time. For example. 
it v(t) is stationary, v(t) == v(t — 1,) ¥, a constant 
which does not depend upon the argument, (1 — ¢,). Also 


v(i,)w(h) = vil, — bw, — 4) = ) (10) 


a function which depends not on 1, or ¢,, but only on the 
time difference, t, —1, 


Ergodicity. A property of certain stationary random 
processes is that their time average approaches the statis- 
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tical or ensemble average as the averaging interval becomes 
infinite. This is known as the ergodic property. It v(t) is 
ergodic, for example, 


l rT - 
lien rf w/t v 
T Jerr 


lien ri, w(/) w+ r)dt = w(t) wil + 1) (12) 
a ~T 


The ergodic property asserts that any given member of 
the ensemble of v(t) takes on all possible values in time 
with the same relative frequency that the ensemble takes 
on all possible values at a fixed instant, 1. In other words, 
if we recorded a sample of v(t) over an extremely long 
interval, cut the sample into subintervals (or pieces), we 
could consider the subintervals as constituting the ensemble 
of v(t) as in Fig. 1. Instead of conducting a large number 
of macroscopically identical random experiments simulta- 
neously and then averaging, Eq (12) permits one to 
perform a single experiment over a long period of time 
and measure the time average of the outcome. 


Transformation of Noise by a Linear Network. What 
must one know about noise to predict its behavior in 
various circuits? What behavior characteristics are im- 
portant for an electrical engineer? To answer these ques- 
tions, we will study in detail the simplest possible system 
(Fig. 4) consisting of a meter and d-c amplifier connected 
to a thermocouple which the system must measure and 
monitor, From the meter deflection, #, and from the system 
constants, one must infer the value of EF, the voltage gen- 
erated by the thermocouple. Let W(/) be the transfer 
characteristic which relates the pointer deflection of the 
meter to the cissoidal voltage causing that deflection and 
let R(t) be its response function, so that 


RW J W (fetdf (13) 


It will be observed that the meter deflection consists of 


a steady component, @, plus a fluctuating component, which 
is ascribed to “noise”. The physics of the origin of these 
fluctuations is extremely complicated. Electrons within the 
resistor KX are in a state of random motion due to heat, 
rushing around much as the molecules of a gas do. Al- 
though the positive charge within the resistor is equal to 
the negative charge of the electrons, the non-uniform dis- 
tribution of the electrons induces a fluctuating voltage 
difference across the two ends of the resistor. How this 
voltage is related to the temperature and resistance of the 
resistor is a question we will discuss later. We explain this 
noise voltage by ascribing it to an “agency” which we call 
a noise emf, e(1), just as we explain or describe the circuit 
behavior of a storage battery not in terms of its internal 
chemical reactions, but by an electromotive form which 
equals the open-circuit battery voltage. 

The open-circuit voltage looking into terminals a and b 
is then E -+- e(1), and the meter deflection is 


™f) f 


e(r)| RU r)dr (14) 


a(t) EW) + f e(r) RU — r)dr (15) 


Here + is a running coordinate, taking in all values of time, 
from —r to +r, in contrast to t, which designates an 
arbitrary, but for the moment fixed, instant of time. 
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Fig. 4—Thermocouple of resistance r and d-c emf E con- 
nected to meter with deflection @. 


We assume e(f) is a stationary random process, whose 
average value is zero. 


ei) = 0 (16) 
Accordingly, 
OD) = EW) (17) 


so that if © could be measured, the true value of E could 
be precisely determined, despite the presence of noise. 
However, the observed deflection from which the value of 
E is inferred consists of the “true” value ©, plus an error, 
H(t) 0, where 


ad —e e(r) RU — r)dr (18) 


The mean square error, (@ — 9)*, and (6 — 9)*/0?, the 
mean square fractional error, are important system para- 
meters which give an index of system behavior. Since 6 — © 
is the fluctuation which obscures the signal ©, we define 
6?/ (e —) as the output signal-to-noise ratio. Its inverse 
equals the fractional mean square error. In addition, the 
smallest value of E which is detectable is that for which 
the signal-to-noise ratio equals approximately unity, the 
precise value of this minimum detectable ratio depending 
upon how one defines “detectable” and upon the probability 


distribution of the output. 
mutliply Eq (18) by itself and 


To determine (9 — 0)°, 
then take the average. 


(0 — @Y = f f e(roe(r RU — r) RG — 2')drdr’ (19) 


We assume that the processes of averaging and integrating 
may be interchanged. Since e(1) is a stationary process, 
shifting the time origin by an amount + leaves its statistical 
properties unchanged. [See Eq (10).] 


@r)e(r’) = e(r — rer’ — +r) = ver’ — 7) (20) 


where &,(1r’ — r) is called the autocovariance function of 
e(t). In general, the autocovariance function of any sta- 
tionary random process, say u(t), will be designated by » 
and defined by the equation 

vr) = [u(@) — aj fa + 7) — a) (20a) 


Equation (19) may now be written 


(eo — oy i .: vr’ — rR — 2)RU — r)dede’ (21) 


We now make the following changes in variables 





The entire +,r’ plane can be mapped into the entire x,y 
plane, and since 


Ar, 7’) 


ar, y ) 


then 
drdr’ drdy 


Equation (21) can now be written 
(e @) E f v(rRW — r)R(y)dydz (22) 


Equation (22) expresses the variance of the output in 
terms of a double integral involving the autocovariance 
function of the input and the response function of the 
linear network. To determine the average output and the 
mean-square deviations from this average, it sufficies to be 
given the first moment and the autocovariance function of 
the input. 

The preceding example showed how the mean square 


meter fluctuations, (@ — ©)? are generated by the input 
voltage noise, e(f). In general, if u(t) is any stationary 
ergodic input (such as current, voltage, velocity, etc.), and 
if v(t) represents the output after u is transformed by a 
linear network, then 


vi) = uli) WO) (23) 


relates the mean output to the mean input, and 


i nae vy f v(D)RO r)R(v)dvdr (24) 


relates the mean-square output fluctuations or “noise” to 
the input autocovariance function and the response func- 
tion 


Autocovariance Function Properties. The significance of 
the autocovariance function is that it is a statistical function 
of the input which enables one to compute the mean-square 
fluctuations of the output, as Eq (24) shows. This func- 
tion, defined by Eq (20a), gives a measure of the relation- 
ship between the value of a random process at one instant 
and at a later instant. That is, it shows the process’s capac- 
ity to change from time to time. Accordingly, we will not 
be surprised to find later a relationship between the autoco- 
variance and the power spectrum of a random process. We 
briefly discuss some properties of this important function 
that we will require later. 


(a) If u(t) is any stationary ergodic random process, 
whose mean value is u, then, by definition, letting U = 
u—u 


vVAr) = U(OUCE 


i l Ti 
lim rf. U(OUCd + r)dt (25a) 


_ 


This follows from the definition of ergodicity 


(b) v0) u(r) — ul (25b) 


(c) ¥.{r) UU + +) vu (25e) 


r)U() ¥.( —71) 


The autocovariance function is an even function. 
(d) Ifu u, -+- u., where u, and uw, are both stationary 
and ergodic, then 
(Ub “T UA) (UW. ? r) 
¥.() + UOUAL + +) 


UA + 1)) 
+ UAONUM + 7) + WO (26) 


(27) 


Then w,.(r) is defined as the cross-covariance of u,(t) 
and u.(t). With this terminology, Eq (26) becomes 


; 


vu = vil) vor(r) (28) 


vie(r) + var) 
In particular, if u, and wu, are statistically independent, 


viu(r) = 0 


ve vm, : We, (29) 


The Power Spectrum. Equation (24) expresses the vari- 
ance of the output for a linear network in terms of the 
latter’s response function and the autocovariance function 
of the input 


v [ [ vorne r)R(y)dvdr 


where V v v. 
From the convolution theorem* 


f RO)RG r dy f 


where 


Wo) R(De~ "dt 


is the immitance’ of the network. Then Eq (24) becomes 


| re etdr Wf) "df 


POD) WO) “di (32) 


Equation (32), which is an alternate form of Eq (24), 
expresses the variance of the output in terms of the abso- 
lute value of the transfer admittance and P(f/), which will 
be called the power spectrum of the input. Since #(x) is 
even in x, it follows from Eq (31) that P(f) == P(—f) 
The unsymmetrical insertion of the factor 1/2 in Eq (31) 
was made so that the variance would be expressed as the 
integral only over the positive frequency range of the 
network as in Eq (32). At this point we recall the Fourier 
integral theorem which asserts that, if 


(1) | Fed 


nm theorem « 


ron=f 
FAS) 


es GiryGAe Odzr {" FAN F« —New df 


Sec Fourier Integrals for Practical Applications. Georse A. Campbell and 
Ronald M. Foster, D. Van Nostrand ¢ . Princeton, N. J 194 


+ We use “immitance here to designate the ratio of the response of a 
linear network to the nput when the input is a complex exponential time 
function such as Aes«'. Immittance may have any physical dimensions 
such ss admittance or impedance and is synonymous with the term 
“transfer characteristic.” 
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r/) | Ge dt 


G(t) and F({) are known as each other's Fourier trans- 
forms. Thus, applying the Fourier integral theorem to Eq 
(31), 


P(fetvds 


f rc fd) 


where u(t) is the input whose autocovariance function is 
#(y). Equation 34, analogous to Eq (32) for the output, 


expresses the variance of the input in terms of an integral 
over the positive frequency range of the input’s power 
spectrum. Similarly, if we define P(f) W(f)|? = P,(f) as 
the power spectrum of the output v(t), Eq (32) expresses 
the variance of the output in terms of an integral over the 
positive frequency range of its power spectrum. 

Intuitively, the power spectrum of any function is the 
average contribution to the mean-square fluctuations made 
per cycle. However, more formally, we define power spec- 
tra of a random process as in Eq (31), or twice the Fourier 
transform of its autocovariance function. 

To recapitulate, we have shown that, just as the auto- 
covariance function of a stationary input and the response 
function of the linear network suffice to determine the 
variance of the output, so also a specification of the power 
spectrum of the input and the immittance of the network 
fix the variance of the output. (Both power spectrum and 
immittance are the respective Fourier transforms—apart 
from a factor—of the autocovariance and response func- 
tions. ) 


Physical Seurces of Noise 


Shot Effect. Consider a temperature-limited diode con- 
nected as in Fig. 5. Each electron emitted by the cathode 
is captured by the plate, producing a sequence of current 
pulses which excite the external circuit. An electron emitted 
at time f 0 produces a conduction current pulse i,(1) 
having the form shown in Fig. 6. Letting A(1) describe 
the shape of the pulse, 


At) eh{t) (35) 


The precise shape of the pulse depends upon the tube 
structure but, since the total charge transferred internally 
between cathode and plate equals e, the charge of an elec- 
tron, we must have 


a 


Q 
(di ‘ | hid 


- 


| , h(tdt 


where 7, 1s the time of transit 
Similarly, an electron emitted at / 


rent pulse i,(1 f,) where 


i, generates a cur- 


iAl 4) eli(t —t) (37) 


The electrons are emitted independently and randomly. The 
conduction current may be represented as 


(1) > edt ts) (38) 


t=—@ 


where t, represents random instants of electron emission, 
occurring, on the average, a times per sec 

The random process i,(/) is the input to Z(f) of Fig. 5; 
that is, i,(¢) is the current generator which excites Z(/). 
If the power spectrum or the autocovariance function of 
i,(1) could be determined, the mean-square voltage fluctu- 
ations across Z could be determined by Eqs (24) or (32). 

Instead of deriving the autocovariance function of i,(1) 
from first principles, we will use what is generally known 
as Campbell's Theorem, which we rephrase as follows: If 
u(t) is a random process resulting from the linear super- 
position of elementary events, ¢(1 —t,), (t, being distributed 
independently and randomly in time and the average num- 
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ber of events occurring per sec being a) and if 


@ 


u(t) = >> gt — te) 


a x 


“ 


a| g()dt 


J- 


aF (0) 


af g(Hdt = 7 F,\*df 
x ° 


a} ju(i + 1) - 


a af gdDg(l + rd 


af FAf)\*et"df (Al) 


Fig. 5—Temperature-limited diode circuit. 
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Fig. 6—Current pulse from a single electron. 





Fig. 7—Resistor and capacitor with a current generator to 
represent resistor noise 


where 
FAS) f (De s**t 
From Eqs (39) and (36) 
i) = ae f hat 
From Eq (41) 


ii) — i,| i,(t 7) ae f Fy *etrdf (43) 


where F,, is the Feurier transform of A(t), analogous to 
F, in Eq (41a). From Eq (31), the power spectrum of 
i, 2s twice the Fourier transform of #;,, or 


Pf) 2ae* | F; (44) 


This shows how the spectrum of i, depends upon the 
Fourier transform, and hence shape, of the individual 
pulses, A(t). Since 


h(De~i='dt 
if ,, the transit time (the duration of the electron’s flight 
from cathode to plate) is small enough that, for the 
highest frequencies under consideration, wf, << 1, then 
expanding e’*' and neglecting wf with respect to 1, 


o 


F, | A(t dt ~ f h(f)dt | (44a) 
( 


~* é 


Accordingly, 
P(N) ‘ (45) 


is the power spectrum of the shot current from a tempera- 

ture-limited diode for small transit angles. Noise with a 

flat spectrum is usually characterized as “white” noise 
Now that we have the power spectrum of the current 

generator i,(t), we can apply Eqs (23) and (32) to de- 

termine the mean voltage, v, and the mean square fluctua- 

tions, (v —v)* across Z of Fig. 5. Since W = output/ input 
Z(f), substituting Eq (42) into Eq (23), 


v aeZ(0) 1,Z() 


where /,, the d-c diode current, equals ae, the average 


Equivalent 


Equivalent Noise Current Generator. We have just 
shown that, if we are concerned only with external effects 
such as the circuit behavior of the resistor, we may replace 
the complex physical cause of these effects by the concept 
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number of electrons emitted per sec times the charge per 
electron. Also, substituting Eq (45) into Eq (32), 


(vy — v) f ely! ZA) |*df (46) 


Resistor Noise. The power spectrum of resistor noise can 
be evaluated by considering a resistor R, at absolute tem- 
perature 7, connected to a capacitor and applying a 
theorem from statistical mechanics to this configuration 
This theorem, known as the principle of equipartition of 
energy, asserts that each of the interacting elements of a 
complex system in thermal equilibrium stores, on the 
average, an energy of ('2)«7 joules per deg of freedom 
(where « is the Boltzmann constant). Classically speaking, 
each free electron in the resistor stores a kinetic energy of 
3/2(xT), because it has an energy of (42)«T associated 
with each independent motion along the x, y and z axes. 
The capacitor is coupled electrically to the free electrons 
within the resistor. When the capacitor reaches equilibrium, 
it will store electrical energy equal only to (42 )«T since it 
has but one mode of storing energy—-namely, in the stored 
charge. Let us represent the external noise action of the 
resistor by a current generator as in Fig. 7. We assume 
that this current generator, i,(1), is a stationary ergodic 
process. We inquire: What must its power spectrum be in 
order for the principle of equipartition of energy to hold? 
If P(f) represents the power spectrum of i,(1), the mean- 
square voltage fluctuations across C, according to Eq (32), 
are 


- 


Pr R j 
”f) di 
Je “(Qt UH + 1) 


By the principle of equipartition of energy 
average eneTz, 


Experimentally, the spectrum of resistance noise has been 
observed to be flat; that is, P(f) is independent of fre 
quency. Therefore 


However 
Hence 


where ¢ 1/R is the conductance 

To sum up, we see that a random current generator of 
power spectrum P 4xTg in parallel with a resistor pro 
duces the same effects across a capacitor as are induced 
by the actual motion of electrons within that resistor. A 
capacitor was chosen because it facilitated the calculations 
Having used this artifice, we can now dispense with it and 
observe that, if C of Fig. 7 is replaced with a short circuit, 
the current i,(1) flows through the short circuit. In other 
words, the equivalent current generator is independent of 
the load across R and is equal to the current which would 
flow if R were short circuited 


Cireuits 


of an “agency,” which causes the short-circuit current flow, 
just as the circuit behavior of a battery is described by 
replacing the concept of chemical forces by an “electro- 
motive force,” or agency producing the current flow. For 
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instance, in any circuit, a “noisy” resistor may be replaced 
by a noiseless one shunted by a constant* current generator 
which will generate the short-circuit random current actu- 
ally observed. 

If, in Fig. 8a, the points | and 2 are shorted and cur- 
rent i,.(1) flows, this circuit is entirely equivalent to that 
of Fig. 8b. Such a generator is known as an “equivalent 
circuit generator” since its external circuit effects are en- 
turrely equivalent to the physical mechanism it replaces. 
This “equivalence” can be shown to follow from the as- 
sumption of circuit linearity. However, we will employ a 
circuit noise calculus which is widely utilized in engineer- 
ing literature and which can be fully justified. Instead of 
dealing with a random generator, i,(f), whose external cir- 
cuit action is entirely equivalent to that generated by the 
random motion of electrons, we deal with a generator, i,(1), 
which is equivalent only in the range df. . 

We ascribe the noise current in the frequency range d/ 
to a random current generator i,(1) whose mean-square 
fluctuations in the range are 


i P(f)d) t«7Tgdf (4%) 
We represent i, explicitly by writing 
i al f oosul 


b(/ sina! (49) 


where a(/) and b(f/) are independent random variables 
such that 


(50) 
(51) 


If i,(7) is transformed by the immittance 
v,, then 


We’? into 


b sin (wl + ¢)!} (52) 


Squaring v, and applying Eqs (50) and (51), 


W *la? cos? (uf 1 b’ sin’ (al + )) 
W Pdf “Woeg (53) 


lo find the noise voltage developed by ¢ across Z (the 
load impedance), we use the circuit of Fig. 8b, replacing 
i,(t) by i,, its representation in the range df. Here the 
transfer characteristic is 


(54) 


the voltage across Z divided by the input current. Using 
Eq (53), the mean-square voltage across Z in the range 
df ws 


that the current eenerated is indepen 


snvarying with time 


»-> 


hig. 9—Equivalent circuits using noise voltage generator. 
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- RZ — _ _ | RZ f 
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Adding the fluctuations in each frequency interval, 
; ae ee . 
vw? = 4x Taf | ra d (56) 


Of course we would have arrived at Eq (56) by recalling 
that the spectrum of the output equals that of the input 
times the square of magnitude of the transfer characterisic 


4Tq| RZ 


PAS) 
R+Z 


P(f))\W 


However, representing the agency of fluctuation by “an 
equivalent random generator in the range df” permits one 
to use the more usual methods of circuit computation. 


Equivalent Noise Voltage Generator. Instead of ascrib- 
ing the noise behavior of a resistor (or any two-terminal 
network) to a random current generator which shunts the 
resistor, we can equally well ascribe it to a random voltage 
generator in series with the network. However, instead of 
dealing with the random process, say e(t), which is the 
mathematical representation of this equivalent generator, 
we will use the customary noise calculus and represent 
e(t) in each frequency range df by the random generator 
e,(t) whose mean square fluctuations are 


ee t«TRdf 


If e, is transformed by an immittance W’, the trans- 
formed quantity must have mean-square fluctuations 
e,*|W'? in the range df, according to the reasoning of Eq 
(53). For example, the mean-square voltage fluctuations in 
the range df across the impedance Z of Fig. 9 equal 
Z/(R Z'*e,*. The mean-square current fluctuations in 
df which would flow if terminals | and 2 were shorted are 

i? = e/R° = 4«Todf 
showing that the equivalent generators are indeed equiva- 
lent 


Arbitrary Two-Terminal Networks. The behavior of 
noise sources, such as tubes, transistors, photocells, etc., 
may be derived theoretically by postulating a model and 
examining the model in detail. On the other hand, many 
sources are too complex to be susceptible to such detailed 
computations, or else the nature of the source may be un- 
known (for example the cause of cosmic noise) so that 
the question of how to specify phenomenologically the 
noise behavior of networks arises. 

Thevinen’s theorem asserts that a black box containing 
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the most complicated assortment of generators (sine-wave 
generators, pulse generators, generators of arbitrary wave- 
forms) is entirely equivalent in external effects to the same 
black box with all generators turned off, in series with a 
voltage generator e(t), where e(t) is the open-circuited 
voltage across the terminals of the black box. Norton’s 
theorem asserts that the external effect of the same black 
box is equivalent to the black box with all generators 
turned off, in parallel with a current generator, i,(1), 
where i, is the current which would flow through the short- 
circuited terminals of the active black box. Figure 10 il- 
lustrates these equivalences. The generalization from signal 
to noise properties is made simply by letting e(t) in Fig 
10(b) and i,(1) of Fig. 10(c) represent stationary random 
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ise network represented in two equivalent ways 


Cpe 


Equivalent circuit of noise in a diode 


Fig. 13—Diode circuit with individual current generators to 
represent noise in diode and load resistor. 


ey 
ie 
Dd) (c) 
Fig. 14—Arbitrary two-terminal network with equivalent volt- 


age and current noise generators. 
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Four-terminal linear network 


processes instead of determinate, arbitrary time functions 
In other words, it can be shown® (it follows from the 
definition of linearity) that, regardless of how complicated 
the distribution of noise sources is within the linear network 
(Fig. 11), the resultant external fluctuations are accounted 
for by the power spectrum of the equivalent noise voltage 
generator e(1) or the equivalent noise current generator 
i,(t), where the power spectrum of i, equals the power 
spectrum of e, divided by |Z," 

For example, we have already shown [Eq (45)] that the 
power spectrum of the short-circuited current generated 
by a temperature-limited diode is 

r Jet 
where / is the d-c diode current. Accordingly, the noise 
behavior of the diode may be represented as in Fig. 12 
where the tube impedance, r,, in parallel with the random 
current generator, i,, form the equivalent circuit. Let the 
diode be connected to a resistance R and capacitance ( 
in parallel. The transfer characteristic between the voltage 
across R and the current generator i, is 


MW . 
L/h 


Substituting Eqs (57) and (5 
find the mean-square noise voltage across R due to the 
diode, 


7a) into Eq (32), we can 


Usually, it is more convenient to use the noise calculus 
developed in the preceding sections. If R in Fig. 12 is 
at temperature 7, then the total noise voltage across R 
can easily be computed from the equivalent generators of 
Fig. 13. Here, i,, and i,, represent the noise behavior in 
the frequency range df of the equivalent-current generators 
for the diode and for R. If V,* represents the mean-square 
voltage across R in the frequency range d/, then 


Ve<iH 


where W is the total impedance shunting the diode from 
Eq (57a). The total mean-square voltage across W is ob- 
tained by integrating over all frequencies 


Noise Temperature. Consider the arbitrary 2-terminal 
network of Fig. 14 which is in thermal equilibrium at 
temperature 7. The network may be represented by the 
series resistance-reactance network containing the equiva- 
lent noise generator e, whose mean-square open-circuit 


voltage in the range of df is 


© te Td 


It is well known that an active 2-terminal network of 
impedance Z R -+- jX will deliver maximum power at a 


* Principles of Noise, 3. J. Freeman, Chapter ‘ John Wiley and Sons 
New York, 1958 
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Fig. 16—Four-terminal network with equivalent input and out- 
put noise voltage generators 


specified frequency to a termination whose impedance is 
the conjugate of the network, namely Z’ R — jX. This 
maximum noise power available to an external load in dj 
is defined as tne available noise power of the network. For 
the network of Fig. 14(b) this available noise power is 


P «Tdi 59 
‘/ (59) 


For the network of Fig. 14(c), the available noise power is 


P.. eTGA/AG @ «Tdi (60) 
M, 


Thus, if a 2-terminal network is at thermal equilibrium, 
the maximum noise power available from it per unit band- 
width is independent of frequency and equal to «T. 

Suppose now, that the network of Fig. 14 is not in 
equilibrium. Its available noise power is no longer a con- 
stant proportional to the temperature. However, one may 
still write 


P. «Td (61) 
where 7,, in general a function of frequency, is a new 
parameter defined by Eq (61). The term T,, is called the 
noise temperature. Thus the noise temperature of a 2-ter- 


minal network is its available noise power per unit band- 
width divided by «. Or, the noise temperature of a network 
equals the temperature of a resistor which has the same 
available noise power as the network at the frequency in 


question. For example, for the network of Fig. 13, the 


noise temperature at terminals a,a’ is, using Eqs (60) and 
(61) 


(tal RR Qe) An(l 
.( rR ) 
2« R r 


As another example, consider an antenna as a 2-terminal 
network. If the antenna were surrounded by an environ- 
ment at thermal equilibrium, its noise temperature would 
equal its thermal temperature. However, an actual antenna 
is coupled to noise sources originating on the ground, 
within the atmosphere, and on various astronomical bodies. 
Man-made interference such as ignition pulses or radio in- 
terference contribute to its noise temperature. Stellar bodies, 
consisting of charged particles moving randomly at high 
velocities, radiate noise which is absorbed by the antenna 


Fig. 18—Simple resistance network 
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Fig. 17 


generators 


Equivalent circuit for Fig. 15 with noise current 


These are some of the mechanisms responsible for de- 
termining the noise temperature of an antenna. However, 
despite the complexity of the mechanisms involved, the 
noise behavior is completely specified by the single para- 
meter noise temperature, which varies with frequency. This 
is measured by determining the noise power available 
from the antenna terminals in the range Af, and dividing 
this quantity by AAs. 

It can be shown that, as a consequence of the assump- 
tion of linearity, the external behavior of any active 4-ter- 
minal linear network, such as that in Fig. 15, may be 
described in terms of a passive network having the same 
impedance parameters together with a pair of equivalent 
signal generators. The equivalent generators may be a pair 
of equivalent voltage generators, e;(1), e,(1t), located at the 
input and output, as in Fig. 16. The input voltage genera- 
tor, e,(1), may be determined by measuring the open- 
circuited voltage at 1,1’ with terminals 2,2’ open. The 
output voltage generator, e,(t), is determined similarly 
An alternative representation of the active linear network 
of Fig. 15 is shown in Fig. 17, which consists of a passive 
network having the same impedance parameters with cur- 
rent generators located at the input and output. Alterna- 
tively, an input equivalent voltage generator and an output 
current generator might be employed. The input and output 
current generators, i;(1) and i,(1), may be determined by 
short-circuiting input and output terminals, and measuring 
the current flowing through the respective short-circuited 
terminals 

To generalize the preceding methods of signal specifica- 
tion of an arbitrary linear network to apply to its noise 
specification, it proves necessary merely to replace the 
signal generators with equivalent noise generators. Thus, 
if Fig. 15 represents a linear circuit containing an arbitrary 
distribution of noise sources, its noise behavior may be 
completely specified by the circuit of Fig. 17, where now 
i,(1) and i,(1) are random processes. To illustrate these 
remarks, consider the noise behavior of the circuit of 
Fig. 18. This may be computed by using the circuit in 
Fig. 19, in which each resistor is replaced by a noiseless 
resistance in parallel with a current generator, whose power 
spectrum is 4«7 times the conductance of the resistor. If 
both input and output terminals were short-circuited, we 
would find that the input current is 


fie = 4, +1 
The output current is 


| 


Fig. 19—Circuit of Fig. 18 with each resistor replaced by a 
noiseless resistance and a noise generator in parallel. 
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Fig. 20—Fquivalent circuit for Fig. 18 with only input and 
output noise generators 


Accordingly, the noise behavior of the network in Fig. 18 
is equivalent to that of Fig. 20, where we use only two 
current generators, i; and i,. In this case, 


i, i, +14 


where i,, i.. i, are independent random processes, with 
power spectra 4x7/R,, 4«7T/R., 4«T/R,, respectively. We 
observe that i; and i, are not statistically independent, so 
that the simplification of specifying the network by two 
(instead of three) generators has been purchased at the 
price of an increase in complexity. However, even if the 
network contained many noise sources, its external noise 
behavior could be specified by two equivalent generators 
which, in general, would not be independent 

As a less trivial example, consider a triode connected 
as in Fig. 21. If input and output terminals are short- 
circuited and the current fluctuations in the frequency 
range df are measured, it is found that 


1x0Tg df (62) 


where #7 equals approximately the cathode temperature 
and g, is the grid-cathode electronic admittance. That is, 
the power spectrum of the input current generator is 


P 1x0Ty (63) 


The output current fluctuations in the range df turn out 
to be 


2el [di (64) 


where / is the d-c plate current and /*, known as the 
space-charge reduction factor, is a measure of the degree 
by which the shot effect in a space-charge limited tube is 
reduced below that of a temperature-limited diode. Thus, 
the power spectrum of the output current generator 1s 


P Zell 
In general, i;(1) and i,(1) are not statistically independ- 
ent. This statistical dependence arises because a single 


random mechanism, namely the emission of electrons from 
the cathode, generates most of the contribution to both 


\ 
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venerators 


Electron-tube circuit with input and output noise 
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Fig. 22—Tube circuit with a noise generator for each noise 


producing element 


i, and i,. However, in most cases of interest, when the 
amplifier bandwidth is not too narrow, the effects of sta 
tistical dependence may be neglected. We assume, then, 
that i, and i, are statistically independent, so that the con 
tributions of each equivalent generator to the mean-square 
fluctuations at any point will be independent and additive 

As an illustration of noise computations, consider an 
input termination of admittance » g, + jb, connected 
to a triode of grid-cathode electronic conductance < na 
tube susceptance 4,. We replace our actual network and 
its noisy elements with an equivalent circuit composed of 
noiseless elements together with their associated noise gen 
erators, as in Fig. 22 : 

Here the source susceptance /,, and the tube susceptance 
h, are lumped into a common susceptance b h h 


and i, /, coSwt is a signal current generator. Fluctua 
tions in the range df arising from the source, g,, con 
sidered to be at noise temperature 7, are ascribed to the 


current generator i,, where 


bx Fogo 


arises from noise developed by the elec 
so that 


Similarly, i 
tronic tube input conductance, ¢ 


bed Ta df 


Also, i 
effect, so that 


represents noise arising from the plate shot 


Zell 


it } g jb is the total admittance between 


K 


cathode and grid, then (#,, i*,,)/ | Y,.* equals the mean 
square voltage fluctuations between grid and cathode 
Multiplying this by the square of the tube transconductance 
2m, Yields the mean-square short-circuited plate current 
fluctuations in the range df arising from the source and 
the electronic tube impedance. Since the shot-effect fluctu 
ations are independent of those arising from the grid cit 
cuit, the total short-circuited plate current fluctuation is 


by the square of the magnitude of the total 
gives the voltage 
Thus 


Dividing i 
plate outcome admittance } - I/r, 
fluctuations across the output in the range df 


Polk Ty 49,) 


| 
| Jel] 
| 


is the output voltage fluctuation in the range dj 

It is customary to relate the shot-effect plate current to 
an equivalent voltage generator inserted in the grid. If e 
is this equivalent voltage generator 


Poe 2el [df 
Also, instead of dealing directly with e*,,, it is customary 
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to relate this fictitious voltage generator to an equivalent 
fictitious resistance R,,, with the expression 


ey; = 4«TRAlf 


From this we can obtain 


‘«TR..¢ df 2el df (65) 


This relates KR, to the power spectrum of the shot cur- 
rent. R,, is that resistance which, inserted between grid 
and cathode of an equivalent noiseless tube of zero input 
conductance, would produce the same plate-current power 
spectrum as the actual tube. The concept of “equivalent 
noise resistance” holds for multigrid structures as well as 
triodes 


Noise Factor. We have just seen how the noise behavior 
of a 4-terminal network is completely specified by a pair 
of equivalent noise generators. If this network is con- 
nected to an input termination of given noise temperature, 
the noise power delivered to any output termination can be 
computed by the usual methods of circuit theory. However, 
we are often given an input termination such as an antenna 
and required to choose a network that will deliver the 
largest signal with the least noise. For this we want a figure 
of merit which will specify the network with the greatest 
signal-to-noise ratio at the output. Such a figure of merit 
is the “noise factor,” which may be defined in a number 
of ways 

Consider a generator connected to a network which, in 
turn, is connected to an output termination as in Fig. 23. 
Of the noise delivered to the output termination Z, in the 
range df (but not originating within Z,), let N, be that 
portion which originates within the generator, and N,, that 
portion which originates within the network. Then we may 
define noise factor as the ratio of the total noise delivered 
to that portion which originates within the generator. Or 


I (N, + N,)/N, (66) 


This ratio depends not only on the network, but on the 
noise temperature of the source. To compare the noise 
behavior of different networks it is necessary to standardize 
the noise temperature of the generator. Standard noise 
temperature 7, is 290 deg Kelvin, which is chosen so that 
«T,/e equals 0.025. If the network above were noiseless, 
so that N, 0, F would equal unity. An equivalent 
definition of noise performance is the ratio of the noise 
power delivered by the network to the noise power that 
would be delivered if the network were noiseless; the 
equivalence follows from the fact that all the noise power 
delivered by a noiseless network originates from the input 
termination 

Suppose we refer all noise sources in the network of 
Fig. 23 to the input termination and lump it in with the 
equivalent noise generator of the input termination. The 
available noise power from such a generator would be 
KT..Fdf. In other words, we could define noise factor as 
the factor by which the equivalent noise generator of the 
input termination (assumed at standard noise temperature) 
would have to be multiplied in order to account for the 
total noise delivered by the network. Similarly, noise factor 
is the factor by which the temperature of the input 
termination (assumed standard) would have to be raised 
to produce the same output noise power in the range df 
in a noiseless network as in the actual network under 
consideration 

Consider an active input termination at noise tempera- 
ture 7,,, whose signal may be attributed to a current genera- 
tor i, /,coswt. The available signal power can be 
shown to be P, i-,/4e, I’,/8g,. We define the signal- 
to-noise ratio as the ratio of the mean-square signal current 
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to the mean-square noise current within the frequency 
range df. (Within the range df this is the same as the ratio 
of the corresponding mean-square voltages, or the cor- 
responding available powers.) The input signal-to-noise 
ratio is then 


S/N /AT og Af P,/ «Taf 

The input signal-to-noise ratio is the ratio of the avail- 
able signal power to the noise power available in df. If 
this input is now connected to a network, the signal-to- 
noise ratio will be degraded by noise originating within 
the network. We may compute the output signal-t>-noise 
ratio by referring all noise sources to an equivalent noise 
generator in the input. If the system noise factor is F, 
the available noise power of such a generator must be 
«TF df. The signal-to-noise ratio with this new noise genera- 
tor is now P,/«7T,Fdf, or 1/F times the input S/N ratio. 
In other words, we could define noise factor as the ratio 
of the input S/N ratio to the output S/N ratio; or, it is 
the factor by which the signal-to-noise ratio at the input 
is degraded by the network. 

By way of example, consider the noise factor of the 
circuit in Fig. 24, where R, is the source resistance, R, 
is the network it feeds, and R, is the termination resistance. 
Since noise factor is independent of the output termination, 
choose R 0. The current fluctuations in df through 
the output short circuit equal 


oa l l 
aed (i: | k) 


where we take both resistances to be at standard tempera- 
ture. Dividing the total fluctuations by those originating 
within the generator, 

k l R/R, 


As a less trival example, let us compute F for the net- 
work of Fig. 25, where the transformer is assumed to 


Fig. 24—Network with source and termination resistances 


Fig. 25—Tube circuit with input transformer 





be ideal with a turns ratio equal to a. The amplifier has 
an open-circuit voltage gain equal to » within the pass- 
band of width B and zero gain outside. Let R,, be the 
equivalent noise resistance of the tube, and R, be the tube 
input resistance whose noise temperature is assumed to 
be @T,. We assume that no noise sources exist past the 
tube, and we shall compute F by referring all noise fluc- 
tuations to the grid-cathode voltage 

The equivalent mean-square grid-cathode voltage in the 
frequency range df due to R,,. is 4«T,R,..df. 

Since the impedance looking into the secondary winding 
of the transformer is a°R,, the grid noise voltage due to 
R, will be 


aR 
TR ; df 
"IR. + eh, 


in the range df. Accordingly, the mean-square grid voltage 
in df due to the network is 


. ah, 
a , ? df 
ia TON, | 5 oR, | * 


4xT Rh 
The mean-square grid voltage due to R, equals that from a 
resistor a*R, replacing the secondary winding—namely, 


: R, is 
txTya RA» a a) d 


The ratio of the total mean-square grid voltage fluctuations 
to those originating within the input is 


l+a 


[Re , Rosh) a, i 
R, R, R; aR, 


For most audio circuits, R, >> R, and also R, 
so that F simplifies to 


R 
eR, 


showing that for audio frequencies the most important 
component affecting the noise factor will be the audio 
transformer 

Assuming now that 1/R, cannot be neglected, we ask 
what value of turns ratio minimizes F. Setting 


dt Re R 
da R R a R 


R R, 
n. (ar +R ) 


minimizes F, The reflected impedance of the generator for 
minimum F will be 


Ren RRs 
@R, = R (or =) ( : ) 


which is a smaller impedance than that required for maxi- 
mum power transfer: namely a*R, R,. 

Substituting Eq (67b), the optimum value of turns ratio, 
in Eq (67a), the expression for F, we obtain 


(67b) 


r) 
Faiz 


> R.., this simplifies to 


> R...0 : 
— +2 ("p°) 


The parameter noise factor, F, which we have defined 
above, refers to fluctuations in the frequency range dj, 
and varies with frequency. It proves convenient to define 
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the term “average noise factor,” F,, which is independent 
of frequency and which typifies the average noise behavior 
over the entire frequency pass-band of the network. Thus, 
if the total noise power delivered by a network consists of 
a part, N,, which originates within the network, and a 
part, N., which originates within the generator or input 
termination, then F,, average noise factor, is defined as 


} (NV N.)/N (68) 


where, as before, the input termination is taken to be at 
standard noise temperature 

To explain the relation between F,, and F we must first 
introduce the notion of operating gain, designated by the 
symbol G,. The operating gain of a system is defined as 
the ratio of the signal power delivered (in the range df) 
to the output termination to the signal power available 
(in the same range df) from the input termination. Thus, 
if the input termination is at 7,,, the available noise power 
is x7 ,df, so that the delivered noise power in df is «T,G,df 
and the total noise power delivered to the output, but 
Originating within the input, is 


v, = ero 


Since, by definition, the delivered noise power, dN,, in the 
range df, arising from both network and generator, is 
dN, = FAN, = FeTGAf 


the delivered noise power over the pass-band is 


- 


\ | «TGA 


Since, by definition, f N/N 


} Ft ’ vif 
{G af 


Thus. average noise factor is the normalized average of 
the noise factor, the averaging function being the operating 
gain 


Law of Composition of Noise Factor. Consider the cir- 
cuit of Fig. 26, which contains two networks, C’ and C”, 
in cascade. The noise factor, F, of the composite network 
may be expressed in terms of the noise factors F’ and F” 
of C’ and C” and the available gain, G’,, of the first net- 
work. It can be shown that 


f G 1)/G', 4 (69) 


Obviously, if the first stage has a large enough available 
gain, the noise factor of the combination equals that of 
the first stage alone 


Low Noise “Cascode” Circuit. The noise factors of a 
grounded-grid, grounded-plate and grounded-cathode am- 
plifier turn out to be approximately the same. However, 
at higher frequencies, both grounded-cathode and ground- 
ed-plate triode circuits become relatively unstable and tend 
to oscillate unless the grid-plate capacitance is neutralized 
This is not true of the grounded-grid triode circuit. Since 


-Circuit with two networks in cascade 


ELECTRO-TECHNOLOGY 





it is desirable to use triodes instead of pentodes because 
of their much lower R,,, and since neutralization is often 
critical and difficult, especially over a broad band, it 
would appear simpler to use a grounded-grid circuit. How- 
ever, the output impedance of the grounded-grid circuit 
is extremely high, much higher than the optimum source 
impedance of the following stage, normally a pentode 
grounded-cathode stage. Matching this high output im- 
pedance with a transforming network is difficult, and re- 
sults in the transforming network's resistive losses becom- 
ing appreciable. Also, the large difference in impedance 
levels to be matched causes a narrow band response, so 
that the pentode would make an appreciable noise contri- 
bution away from the resonant frequency of the trans- 
forming network. More important, however, is the small 
available power gain of the grounded-grid compared with 
the grounded-cathode circuit, resulting in the noise from 
the following stage becoming appreciable. To avoid these 
difficulties, the “cascode” circuit, which consists of a 
grounded-cathode circuit followed by a grounded-grid 
circuit (Fig. 27) was devised. 

Because the input impedance of the grounded-grid cir- 
cuit equals approximately 1/g,, and hence is quite small 
for a high g,, tube (200 ohms for a 6AKS5), the first stage 
will be quite stable because of its low voltage gain (ap- 
proximately unity) 

Calling F the noise factor of the combination, 


‘Cascode” circuit. 


, iat J 
Pe PF +— 

If one computes explicitly the noise factor of the first 
and second stages of the circuit of Fig. 27 and substitutes 
these expressions in the above expression for F, it turns 
out that, as long as g’,,R*, >> 1, the contribution to F 
from the second stage is negligible compared to that from 
the first. The noise factor, then, equals that of a grounded- 
cathode triode amplifier. The voltage gain, however, equals 
g»R,, that of a pentode amplifier with load R,. The avail- 
able gain of the cascode equals that of the product of its 
two stages, namely y’¢,,R,, where » is the tube amplifica- 
tion factor. 


The Equivalence of Filtering and Time Averaging 


As the simplest illustration of how noise affects system 
behavior, we considered a galvanometer or meter which 
had a linear functional relationship between input voltage 
and the deflection of a pointer. In the absence of noise 
and systematic errors (that is, if the meter were calibrated 
perfectly) one could determine the input voltage from the 
pointer deflection without error. Also, no input voltage 
would be too small to be measured since unlimited am- 
plification can be obtained through the use of optical or 
electronic devices. However, the presence of noise pro- 
duces a spurious response which is interpreted as a signal, 
producing an error in the estimate of the input voltage and 
limiting the smallest voltage which is detectable. Using 
the circuit arrangement of Fig. 28, we assume that all the 
noise in the circuit is attributable to a noise emf e(1) of 
mean value zero, whose power spectrum is P,,,,, so that 


e f Pdf 


If W(f) designates the transfer characteristic of the meter, 
the deflection is given by 


. 


AD = EW) 4 oe (s) RU = s)de 


where R designates the impulse response of the meter in 
situ. The statistical average of O is 


0 kw) (70) 


so that if an infinite number of measurements could be 


made and © thereby established, the value of E could be 
determined precisely despite the presence of noise. 


The variance of 0, namely (6 — ©)*, may be computed 
by recalling that the power spectrum of any output (from 
a linear network) equals the spectrum of the input times 
the magnitude squared of the transfer characteristic. Thus, 
if P, is the power spectrum of e(1), 
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(6 — oY 


f PAD|W() \*df (71) 


We define the output signal-to-noise ratio as the square 
of the ratio of the mean output to the standard deviation. 
That is, 

e 
(S/N)o a (72 
(0 — 6 eae 
The mean fractional error in output, (@ — 6)*/6?, equals 
the inverse of the (S/N). From Eqs (70) and (71), we 
observe that 
(S/N)o = aii: (73) 
tae w( 
J PLD | Woy | U 


lwe!’ 
| way} 2 


be known as the equivalent noise bandwidth of the meter. 
Then if P,(f) is flat over the passband of W(f), we may 
write 

(S/N)o = E°/PA fyb (74) 


On the other hand, if W(f) were infinitely broad or at 
least flat over the frequency range of P,(f) so that the 


28—Meter circuit with equivalent noise voltage generator. 
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meter could not filter out any part of the input, the output 
signal-to-noise ratio would equal 


(S/N)o LE f PA f)dI /e 


Since the meter has performed no filtering action, this 
S/N ratio represents the input S/N ratio, (S/N),. We 
observe that the output S/N ratio is inversely proportional 
to the noise bandwith of the meter when the power spec- 
trum ts constant. 


Minimum Detectable Signal 


The concept of minimum detectable signal which origi- 
nated in connection with radar and similar detecting de- 
vices* is also valuable in characterizing mieasurement sys- 
tems. For example, in the circuit of Fig. 29 the meter 
reads the resultant of the noise generated by R, and the 
d-c voltage E when the switch is open. When the switch 
is closed, the meter reads only the noise voltage. What is 
the smallest E that allows the state of the switch to be 
determined? Or, what is the smallest d-c voltage that is 
detectable by the meter? To answer this question one must 
first establish the experimental criterion for determining 
whether or not a d-c voltage exists. In the absence of E, 
the meter reading, 6(1), will be a random variable with 


mean zero for a linear network and a variance of (0 — 0) 
If E exists, O(1) will be a random variable with the same 
variance (because the circuit is linear) but the mean will 
now he 


At) = WO)E>6 


We put a red line on the meter at a particular value of 
0, say at 6 6, as in Fig. 30. The observation of a signal 
is defined as a meter reading to the right of the red line 
A(t) #,. The observation of no signal (E == 0) is de- 
fined as a reading to the left of the red line @(1) < @ 
Random fluctuations of the meter, however, will cause two 
types of errors: the observation of a signal when none 
exists and the observation of “no signal” when one actually 
exists. Accordingly, the signal is said to be detectable if 
(a) its presence will be observed with a prescribed prob 
ability if it actually is there, and (b) “no signal” will be 
observed with a certain prescribed probability when the 
signal is absent. 

Where shall we put the red line? Decreasing 6, de 
creases the threshold of detectability, but raises the proba 
bility of a false alarm—that is, crying “signal” when 
none exists. Increasing @, reduces the probability of a 
false alarm but increases the probability of missing a 
signal. One might ascribe a gain to the act of detecting 
a signal correctly and a loss or negative gain to the act 
of making a false alarm and then seek to optimize the net 
gain of this game. Or, if it is very important to keep the 
probability of a false alarm below a certain level, which 
is prescribed, one might choose @, to maximize the prob- 


> Radar For lamentals,”* P 107, this issue 


Fig. 29—Circuit of Fig. 28 with switch in parallel with battery 
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ability of inferring a signal correctly. How to do this in 
terms of the probability distribution of the noise and signal 
is the subject of the theory of signal detectability. Often, 
however, one does not have available the probability dis- 
tribution of O(1). All one has is the first moment, or 
mean, for the case when the signal is present and for the 
case when the signal is absent, and the variances for these 
cases. So one asks the more modest question: What is the 
best estimate of the minimum detectable signal one can 
make with only this information? It turns out (after an 
involved argument) that, when the difference in the means 
for the two cases (signal present and signal absent) have 
the same order of magnitude as the standard deviation, this 
is the smallest difference detectable. Thus, if @, and @ 
signify the means of the distribution of 0(1) for the case 
when noise alone is present and when signal plus noise 
is present, the smallest signal discernible is that for which 


(a, — @.) 


where A is a constant which depends upon how one de 
fines “detectable” as well as upon the distribution of the 
output. It is customary to take A | as a convenient 
rule of thumb for estimating the order of magnitude of 
the minimum detectable signal. Accordingly, our criterion 
of detectability is that a signal must be just perceptible 
when the difference between the mean of the output in- 
dication with a signal and the same quantity without a 
signal is equal to the standard deviation of the fluctuations 
of the output indications. For small signals, the fluctuations 
will be approximately the same, whether the signal is on 
or off 

For the experiment illustrated in Fig. 29, with the 
switch closed (no signal), one has 6, 0. With the switch 
open and voltage E present, 6, W(0),. The minimum 
detectable signal, then, is that value of E for which 6, o 


79 


[that is, for which the signal-to-noise ratio, Eq (72), is 
unity]. From Eq (74), 


(S/N) LUPA 


} (Pb) 


is the minimum detectable voltage. If R, has 
4xTR,, one has 


where I 
noise temperature T so that P, 


<« 


Fig. 30—Meter deflection showing point for no signal but 
with noise 
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,/AR, «Th (78) 
The minimum available detectable signal power is the 


equivalent noise power available from the input termina- 
tion within the network noise bandwidth 5. 


The Gaussian Random Process 


A random function which is formed by the sum of a 
great many random events has a particularly simple form, 
namely, that of a Gaussian distribution. For example, tube 
noise and resistor noise, both of which arise from the 
superposition of pulses induced by myriads of independent 
electrons, have a Gaussian distribution. Often, when 
exploring mathematically the effects of random quantities 
such as the index of refraction of the atmosphere or the 
acoustic pressure of the ocean, it is convenient to assume 
that the random quantity has a Gaussian distribution be- 
cause of the mathematical simplicity of the properties of 
such a distribution. We will merely note here those 
properties we will require in our exposition 

A sum of two Gaussian variables is also Gaussian. Also, 
a Gaussian process does not have its form changed when 
it is transformed by a linear filter, but merely its para- 
meters. Thus, Gaussian noise from a resistor will have 
its variance decreased by passing it through a linear filter, 
but the output will still be Gaussian 


One of the simplifying properties of the Gaussian dis- 
tribution which will apply shortly is the relationship be- 
tween the higher-order mixed products and the second- 
order mixed products or covariances. For example, let 
v,; (i 1.2.3.4) denote the voltage v(1;) sampled at time 
t,, and assume that the v, have a joint Gaussian distribu- 
tion and that each has a mean equal to zero. Then it can 
be shown that 


V)VeVe¥, VW ¥v VW, WoW, VW, WoW, (79) 
If the values of v, are defined as above, then all odd- 


order moments or averaged products vanish. Thus, 


for all ij.Aé 


Analysis of a Satellite Tracking System 


We can now apply some of the preceding theoretical 
considerations to evaluating the performance of an ideal- 
ized satellite tracking system 

Consider the simplified tracking system diagrammed in 
Fig. 31. The satellite transmits a c-w wave, E cos o,f, 
which is received by two parallel and horizontal antennas 
spaced a distance, d, apart. The voltages induced in 
antennas (1) and (2) are 


E cos (wt 


E cos (w/ kr.) (81b) 


where r, and r, are defined by Fig. 31, and k == 2n/,, 
where A is the wavelength of the transmitted radiation. 
Since the satellite’s height is very large compared to the 
distance between antennas, we can write 


(82b) 


(wd sin @)/d, the voltages induced in an- 


become 


Writing a 
tennas (1) and (2) 


I Lk cos (wl kr a) (83a) 


ky Eb cos (wf kr a) (83b) 


Let w.(1) and w,(1) be fictitious noise voltage genera- 
tors accounting for the noise generated within the antenna 
and amplifier in both branches, which are assumed to be 
exactly alike. Then, if R is the antenna resistance and 
F, is the operating noise factor of the amplifiers, the power 
spectrum of both w,(1) and w,(1) is given by 


PAS) = 4nTRF. (84) 
The voltage input into amplifier (1) is then 


where E, is given by Eq (83a) and w, is assumed to be 
a Gaussian random process of zero mean and power spec- 
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trum given by Eq (84). Let the amplifier have a rectangular 
characteristic of bandwidth B, and constant voltage gain A 
In other words, the voltage characteristic of the amplifier is 


A4(f) if (86) 


= () otherwise 


The amplifier transforms w,(t) into u,(f), where u,(f) 
is still a Gaussian random process of zero mean but now 
has the power spectrum 

Pf) 1(f) | *4«T RF, (87) 


which is illustrated in Fig. 32. Similarly, amplifier (2) 
transforms w.(f) into u.(f) where u.(f) has the same 


31—Block diagram of idealized tracking system. 








Power spectrum of 


power spectrum as u,(t) but is independent. The cutput 


voltage from amplifier (1) is then 
e 1k, +u 

Similarly, the output from amplifier (2) is 
ik. +u 


As indicated in Fig. 31, e,’ 
or 1/4f, seconds, transforming e,’ 


is delayed by «/2 radians, 
into e,”, where 


1E cos (wl — x/2 kr.) + 
1F sin (w,f kr.) + 


Both e,” and e.’ are then fed into a balanced modulator 
or product detector which multiplies the two inputs and 
filters out the high-frequency components to yield an out- 
put proportional to the low-frequency component of the 
product of the two inputs. Thus, the output, I, is the 
low-frequency component of e,”e.’, or 


I 1E sin (wt — kr + a) + u,] [AE cos (wl — kr 
VE sin 2a + AESu, sin (w,/ kr + a) 
uw, cos (wf — kr «)\+ uu (88) 


where only the low-frequency component of the last two 
terms is taken. To eliminate the dependence of the output 
on the carrier level, an automatic-gain-control circuit is 
provided which varies the gain to keep the amplifier 
carrier level constant. Thus, 


1k G (89) 


where G its a system constant. 
maintains the output at 


Thus, the AGC circuit 


/ CG sin 2a + z| Sin (wel kr + a) 


uw, cos (w,l kr «| + (90) 


The modulator output is then fed through a low-pass 
filter of transfer characteristic W(f) and is recorded on 





= 
6 is a double-valued function of 1.46) 


tape or paper or read directly on a meter. We assume 
that the transfer characteristic of the recorder or meter 
is incorporated in the function W(f). The filtered output 
from which the angle, @ (which the satellite makes with 
the vertical), is to be inferred is 


Li) { Mr)RU — rds 


Since 
I(r) W (0) 


and since 


u 


we see from Eqs (90), (92) and (93) that 


W (0)? sin 2e () sin (hd sin @) 


where 


wioyV, (95) 


For simplicity we assume unity gain, 


is the system gain 


‘ 1 (96) 


’ 


Accordingly, if kd 2ad/h 7/2, 1, is a single-valued 
function of @, so that @ may be immediately inferred from 
a measurement of the mean system output, together with 
a knowledge of the system gain, C. We see this from 
Fig. 33, where I 
the case kd w, or d A/2. Within the possible range 
of sin #, namely from 1 to -+-1, there are two possible 
values of sin @ which can be inferred from each observed 


sin (kd sin @) is plotted vs sin @ for 


value of I,. The ambiguity is removed by requiring that 
kd < w/2, as is shown in Fig. 34. Also, we will assume 
that the observation of @(1) is limited to angles small 
enough so that sin @ 6, so that Eq (94) reads 


L sin (kdé@) (97) 


Of course an actual satellite would have constant angu 
lar velocity during the interval of observation, so that 
(1) == 6 (1 — ¢,). Here ¢,, the instant at which @ 0, 
and @, the angular velocity, are two undetermined para- 
meters to be inferred from the observation, /,,(1). Accord- 
ingly, a plot of /,(1) vs time (Fig. 35) would yield a 
curve composed of a portion of a sine wave on which is 
superposed noise, or random fluctuations. However, our 


example will not utilize the a _ priori information 


Fig. 34—lIf d/x 


a value of @ 


mquely detines 
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Fig. 35—Plot of 1At) showing noise superposed on sine wave 


regarding the constraint of constant angular velocity. 
We consider each instant independently and assume that 
the satellite moves slowly enough that its trajectory may 
be considered a succession of stationary angles. At any 
given instant, ¢, the tape or meter indicates a reading, 
I(t), and we infer that 


a(t) sin ' LD (98) 


I 
kd 
If we designate by ©0,(1) the true or correct angle, then 


1 
O41) => sin”! LD (99) 


The error is 


l 
so=@ sin™' (I, + AL.) sin” ' Ld) 


kd (100) 


where Al [.(t) I,(t) is the error in the observa- 
tion L,(1). For small errors, using a Taylor's series 
expansion, 


sin” ' (I, + AL) = sin’ Le + I,*)* al 
Accordingly, Eq (100) becomes 


l ] 
0 ‘Ld I")? 


kd fg 4% sec ade 


(102) 
expressing the error in © in terms of the error in system 


output, L(n) —I 
To compute the mean square error in 0 


sec” (kdé.) 


(ae “oY ied 


(I, —1I.) (103) 


we first observe by referring to Eqs (32) and (91) that 


(i, — L) f PN) Wf) df (104) 


where P, is the power spectrum of I. However, since the 
passband of W(f) is narrow compared to the i-f band- 
width, which is the frequency range of P,;, we can approxi- 
mate Eq (104) by 


Gd. — LY = PAO] |W) df = PO)| WO) (105) 


where 


, f wi) 
, Wo) 


. 


(106) 


is the noise bandwidth of the filter. 
We will compute the autocovariance function of /. 


IK) — I(t + +) (107) 
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Now we take its Fourier transform to compute P,. Thus, 
from Eq (31), 


(108) 


P, = 2f Wr)e™ i#tdr 


Subtracting the signal portion from J in Eq (90), 


rf 


G [u. sin (wel — kr + d) ry CO8}(wol — kr — a)) 
+ uty (109) 


Since u, and u, are independent, 


u,(Du(i + 7) = aff + r)u) = 0 (110) 


Because of this independence, the product of each ef the 
three terms in Eq (109) by any term other than itself 
vanishes. The contribution to » from the first term of 
I I is 


(? « u,()u(l t 
where 


r) sin (wf + +) sin (wf 


t+ wor + ¥)> avg 


y¥ =a —kr 


Since the carrier phase is entirely random (although 
the phase difference between the carriers at each antenna 
is not at all random), we must average the sinusoidal terms 
over all possible phases, or equivalently, over all time. 
Thus, 


<sin (wel 


+) sin (wl + wer + Y)> ave 


4 <008 wer — 008 (Que + wet — 27) >a. = 4 COS wer 


since the average of the cosine over all time vanishes. 
Also, since u, and wu, have the same spectra, [Eq (87] 


I 


u(Oui(t + 7) = a(fudt + 7) = vr) 


Thus the contribution from the first term of Eq (109) 
to / of Eq (107) is 

Loy (1) Cos wr 
The contribution from the second term of Eq (109) is 
precisely the same. The contribution from the third term is 


u,()u(fu(t + ryadt + 1) = a(Oua(t + r)-a(Dudl + 7) = 2 


Adding these three contributions, 


v = GY. C08 wor + yy? 


From Eq (108), 


Pf) 20° f ¥v. 008 (were™ **"dr 4 2f ve" "dr (112) 


Since we are interested only in P,(0), let » = 0 in the 
above exponentials, yielding 


“ 


P(0) 2c f ¥, COS werdr + 2 ¥.2dr (113) 


To evaluate the first integral, recall that, by definition, 


PA) 2f ¥.e "dr = 2 vy COS wrdr 


. 


since w, is an even function of r. Thus, 


PAO) = GPS.) 4 of vatdr (114) 


To evaluate the second integral, we utilize the convolution 
theorem which asserts that 


a" > PX f) 
J vutdr -f df 
x 4 


since , and P,/, are each other’s Fourier transforms. 
Referring to Fig. 32, 


(115) 





© 


[ PJdf = 2Pw*A‘B (116) 


Substituting Eq (116) into Eq (115), and Eq (115) into 
Eq (114), 


PO) = @PwA*t + Pw*AtB (117) 
G [Eq (89)] 


P0) = AXE + Pe B)Py (118) 


Or, since AE 


We recall that the noise factor is that factor by which 
the temperature of the input would have to be raised in 
an otherwise noiseless circuit to produce the same noise 
output as in the actual circuit. The available noise power 
from such an input is, by Eq (61) 


Pyar = Fx Todf 


The total noise power available, N 
bandwidth B at each input is 


over the integrated 


N. = «T.F.B 

and since [Eq (84)} 
Pw = 4«T)RF 
= 4RN./B 


available at each antenna is 


E cos wl\* tei 
S. = ( oR yr E*/8R 


Equation (118) may now be written 


Also, the signal power, S,, 


tV.R 


P0) = At (®8RS, + 4N.R) B 


Substituting this in Eq (105), 


(, — L)* = bWX0)AXBRS, + 4N.R)AN, B/E 
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Because the AGC maintains the carrier strength constant 
[Eqs (89), (95)] 


WO) = C WO)CE 


so that 


W(O)A’ Ee 1/8RS, 


Accordingly, 


a. — Ly 2: 1S) =—— (’ **) (120) 
™ : . iB 7 

where » S,/ the input signal-to-noise ratio, the 
ratio of the available signal power to the available noise 
power at one of the antennas. We see that this concept 
of signal-to-noise ratio at the input arises quite naturally 
as a useful parameter in the evaluation of the mean square 
fluctuations of the output 

Accordingly, substituting Eq (120) into Eq (103): 


(a0) i "( . ) a 
thd i r ” * 


expresses the mean-square fluctuations of angle in terms 
of the separation in wavelength between antennas, the 
ratio of post-detection bandwidth to r-f bandwith, 4/B, 
and the input signal-to-noise ratio, ». We observe that 
the root-mean-square error is proportional to the square 
root of the post-detection bandwidth, 6. For input signal- 
to-noise ratios > 2, we can neglect 1/»* with respect to 
2/m. Then, since » is inversely proportional to the r-f 
bandwidth, B, decreasing B improves nothing, provided 
n>2. For very small », 1/»* >> 2/. Now v (je) is 
proportional to \/ 5B, and decreasing B reduces the rms 
error. 

As typical values, take sec(kdé.) ~ 1 (satellite near 
the zenith), 6 10 cps, B 10 ke per sec, d/a Va; 
then, for » 5, V (aeP 1/50 of a radian; that is, 
the rms fluctuations in angle observed will equal about 
1 degree. Oo00 
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“Special” Motors: 
Torque and Multipolar 


The much-abused term “‘special” should mean “designed for particular purposes, 


not standard.” The variety of purely mechanical modifications which can make 


motors “special” is virtually unlimited. but double shafts, mounting flanges and 


other such features are simply descriptive details. Motors which are special be- 


cause of basic electrical and performance requirements, however, present design 


and application problems. Torque and multipolar motors offer particular char- 


acteristics for system and drive applications which would not be well served by 


standard units. 


S. NOODLEMAN, Vice President 
Tue B. A. Wescue Exvecraic Company 
Cincinnati 36, Ohio 


Torque Motors 


One type of special motor which is generally available 
and has special electrical characteristics is the torque 
motor. While there may be a number of definitions or 
interpretations of “torque motor” as manufactured by 
various producers, a torque motor can be most readily 
identified as an induction motor which specifies starting 
torque on the name plate. Closely related to the start- 
ing torque is the stall amperes and the synchronous speed 
to which the motor would try to run if there were no 
friction or windage losses. As a rule, torque motors 
have very high slip characteristics, as indicated by the 
curve, Fig. 1, and are capable of providing maximum 
starting torque with minimum input power. The entire 
torque characteristic of the motor including its perform- 
ance above synchronous speed as well as the torque de- 
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veloped when the rotor is being driven against normal 
rotation is shown in Fig. 1. 

The horsepower developed by a motor is proportional 
to the product of torque and speed. For a positive torque 
and speed, the horsepower is positive, indicat ng that 
the motor develops power. In those regions of the speed- 
torque characteristic where the product is negative, power 
is being absorbed, and the motor acts as a brake. 

The curve also shows that from about two-thirds of 
synchronous speed to one-third synchronous speed the 
relative horsepower remains almost constant. Since, in 
many applications requiring tension control, tension is 
directly proportional to horsepower, this characteristic 
indicates that over the indicated speed range the motor 
will inherently maintain constant tension. 

The horsepower developed by a motor is given by: 


TN 
hp = 5950 (1) 


where T is torque in lb-ft and N is speed in rpm. Since 
one horsepower is equivalent to 746 watts, this expres- 
sion can be rewritten: 





re 


oO 
™ 


Relative 


TN 
LLL A 
fom NS 


rN watt 

_ 

This equation can be used to indicate the very basic 
idea that the power developed by the rotor is 


_ Tes 


W.=-= 
7.04 


(3) 


This means that for a four-pole, 60-cycle motor with 
a load of 10 lb-ft and a speed of 1000 rpm, 


10 x 1800 


= 2560 watts 
7 4 


WwW, = 
Since the motor is producing 10 lb-ft at 1000 rpm, the 
output from the shaft is 
Raed 10 X 1000 \* 


2200 


or 19 « 746 1425 watts. The difference between 
these two amounts of power, 1135 watts, is the loss 
which must be absorbed as heat in the rotor. 

When the rotor is stalled, the power developed at the 
shaft is zero and, for the amount of torque which the 
rotor shaft develops, all of the power is consumed as 
heat in the rotor. This formula is fundamental in that 
if a motor is stalled and develops 10 lb-ft of torque 
and if the synchronous speed of its rotating field is 1800 
rpm, the rotor must develop a loss equal to 2560 watts. 
For a motor which develops the same torque, 10 lb-ft, 
but having a synchronous speed of only 450 rpm, the 
rotor must absorb only 640 watts. Consequently, in 
utilizing stalled torque of an induction motor it appears 
that one of the best means of obtaining stalled torque 
with minimum power loss is to use the motor with mini- 
mum inherent synchronous speed. 

While the indicated formula enables one to determine 
the amount of power or heat developed in the rotor, 
there are a number of other factors causing heat in the 
motor which should also be taken into account. Under 
stalled conditions an induction motor acts essentially 
as a series circuit of stator resistance and reactance and 
rotor resistance and reactance. Therefore, if there is a 
loss W, in the rotor, the corresponding loss in the 
stator is 

ie stator reststan © WwW. (4) 
rotor resistance 
The total loss in the motor of both stator and rotor is 
therefore: 


W,+ W, 


3 
) 


« 
4 


) 


Fig. 2 — Motors of various sizes rated for 60 Ib-in. stalled torque, 600 rpm synchronous speed, totally enclosed, 55 C rise. The curve 
shows the range of operation of the 254-Frame motor used in a constant-tension winding application. 
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However, due to some loss in torque because of skew 
and other factors, it is usually found that only between 
80 to 90 per cent of the torque for a given amount 
of input power is actually available. Consequently, the 
total input watts become 

WwW, + W, 


08 6) 


W, = 

While torque motors cover a wide range of designs 

requiring various ratios of stator-to-rotor resistance, as 

an approximation it is cor-venient to use W, as equal 
to 0.5 W,. Therefore 


w, = 2S +W 21 or w, (6) 
08 

This expression enables one to determine the approximate 
induction-motor losses under any conditions, whether 
driven above synchronous speed and acting as a dynamic 
brake, when driven against rotation and again acting 
as a brake, or during normal operation. For example, 
if it is desired to drive the rotor against its normal rota- 
tion at a speed of 500 rpm and the torque developed at 
that speed is 10 lb-ft, and the motor has a synchronous 
speed of 600 rpm, the rotor losses would be the normal 
rotor loss at stalled speed, which would be (10 600) / 
7.04, or 850 watts, plus (10 « 500) /7.04, or 712 watts. 
Consequently, the rotor itself must absorb the heat of 
1562 watts, since 712 watts are introduced as me- 
chanical shaft power. 

These relationships are basic and show that, regard- 
less of motor efficiency, quality of magnetic material, 
or how low the stator losses are, if the rotor develops 
torque the rotor must also develop losses. 

As one may assume, it is possible to develop the same 
amount of stalled torque with the same synchronous 
speed in a number of different frame size motors hav- 
ing a number of different characteristics. Figure 2 shows 
a series of motors, all of which develop 60 lb-in, and all 
of which have a synchronous speed of 600 rpm. Actually, 
each of these motors has a similar performance and 
requires practically the same input power to provide 
the same amount of output torque. However, each is 
designed for a different application. The small unit on 
the left is used to provide starting torque only for a 
very short time and has a stalled rating of 1 min. This 
means that, from a cold start, the motor windings will 
reach rated temperature after one minute of stalled 
operation. This type of motor is used essentially for 
clamping duty, in which it is required that the motor 
turn a screw or lock a clamp and is energized for a very 
short time. As a rule, this is done by having the operator 
hold down the clamp button manually until the clamp- 
ing operation occurs; a similar operation occurs in the 
reverse direction for unclamping. Since the rotor is 
connected to the driven machine in such a manner that 
it can make only a few revolutions, the motor is never 
energized for very long, and maximum torque is obtained 
in the minimum motor size. 

The next size motor is rated 5 per cent duty, which 
means that it can be energized 5 per cent of its total 
cycle. It has a stall rating of 5 min, starting from a 
cold start. Motors of this type are generally used for 
traversing operations in which the torque motor is re- 
quired to traverse a head or to rotate a part for a very 
short time. For example, if a machine has a table which 
can traverse 20 ft at the rate of 10 ft/min, it is obvious 
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that the maximum time required to traverse the table in 
one direction would be 2 min. The next size motor is 
rated for 25 per cent duty, which means that it can be 
energized 25 per cent of its period with a maximum 
stall time of 30 min. Motors in this category are used 
for cranes or hoists, and while they are rarely stalled, 
are capable of operating under load for long periods. 
Naturally, it is expected that during any hoist operation 
—even during continuous hoisting—there will be an 
“off” period or period during the cycle when the motor 
is lightly loaded, which will enable the motor to cool 
before the next operation. The 254-Frame motor is rated 
for 50 per cent duty and a stall time of one hour. While 
there are a number of applications to which this type 
of motor is well adapted, one of the most interesting 
is the winding application. In this particular application 
the motor begins its wind-up at the start of the speed- 
torque characteristic as shown by the curve, Fig. 2, 
and continues to wind material and slow down as the 
material builds up in diameter, to maintain essentially 
constant tension. At the end of the wind-up the motor 
has slowed down in direct proportion to the increase in 
diameter of the reel. Thus, if the diameter is started at 
10 in. with a speed of 450 rpm and finished at 20 in., 
the motor ends its wind at a speed of 225 rpm. In this 
type of application, the motor is operating almost con- 
tinuously, but since it is operating from essentially 24 
of its synchronous speed down to 14 of its synchronous 
speed, the actual losses are approximately half of what 
they would be under continuous stall conditions and the 
motor can operate without overheating when designed 
for 50 per cent duty. 

The last motor size, while developing the same amount 
of torque for the same synchronous speed as all the 
others, is considerably larger in size since it is to be 
stalled continuously and must have sufficient frame sur- 
face to dissipate all the heat generated within the motor. 
This type of motor is used on cabling applications where 
it is necessary that the motor be stalled, maintaining the 
cable taut at all times. Another application is one in which 
the motor is used to counterbalance a weight, as for 
instance of a television camera used in a flight simulator. 


Multipolar Motors 


Another type of motor having special electrical design 
is the multipolar induction motor. While standard motors, 
at least in ratings of 10 hp or smaller, are available 
down to synchronous speeds of 600 rpm for 60-cycle 
power, motors of slower speed ratings are generally not 
considered standard. There are a number of applications 
in which slow-speed induction motors fit in well and 
provide satisfactory performance with a high degree of 
reliability. Roller motors on a steel mill run-out table, 
for instance, are designed for polyphase 60-cycle power 
and have 32 poles for a synchronous speed of 225 rpm. 
Because they are induction motors directly coupled to 
the driving roll, they provide a very rugg:d, maintenance- 
free type of drive with the low shaft speed necessary to 
maintain the correct speed of the materia) on the table. 
Figure 3 shows the performance characteristics of such 
a motor. 

Similar motors are used for conveyor systems and 
provide a rugged, maintenance-free method of obtaining 
satisfactory conveyor speeds without the use of gearing. 
Note that while induction motors having a large number 
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Fig. 3— Performance characteristics of 32-pole, 3-phase induc- 
tion motor rated for 89 Ib-ft, 225 rpm. 


of poles are relatively inefficient, because of the low 
synchronous speed the input power is relatively low, and 
consequently high torques are available at low input 
power. 

Another field in which multipolar induction motors 
are meeting new requirements is where the main source 
of available power is 400-cycle. Many military installa- 
tions have 400-cycle as the only or preferred source of 
power, since this is the power source required for the 
electronic equipment. However, air-conditioning units, 
pumps, and possibly some machine tools may also be 
required at this installation. Since it is desirable to use 
standard components for these purposes which are 
normally designed to operate at speeds in the order of 
1750 or 3450 rpm, it is necessary to use either con- 
ventional 400-cycle motors and gear them down to the 
low speeds, or multipolar induction motors which will 
inherently provide these desired speeds. Until recently, 
gear motors have been the usual method of obtaining 
slow-speed power from a 400-cycle supply. However. 
since conventional 400-cycle motors with four or six 
poles operate at speeds of around 11.500 or 7800 rpm, 
they must be geared down to provide the desired shaft 
speeds, with resulting gear loss and maintenance re- 
quirements as well as relatively short life. 

An induction motor which can be directly coupled to 
a machine and provide the required driving speed per- 
mits lower maintenance and longer overall life. 

Figure 4 shows the performance characteristic of a 
1214-hp, 14-pole motor which operates at a full load 
speed of 3350 rpm. This motor is used as a main drive 
on a refrigeration compressor to provide air condition- 
ing for cooling. The performance characteristics of an 
hermetic compressor motor are shown in Fig. 5. Note 
that while the efficiency has not suffered much in the 24- 
pole design, the power factor has dropped very sharply. 
However, in many installations, power-factor correction 
through the use of capacitors across the motor lines is 
used to bring the line power factor up in the order of 
80 to 85 per cent. 
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Fig. 4 — Performance characteristics of 14-pole, 400-cycle motor 
used for a compressor drive. 


There are a number of other circumstances which re- 
quire slow-speed induction motors for most satisfactory 


operation. In one application, it is desired to position a 
table rapidly but accurately. A solution is to use a two- 
speed induction motor having a top speed of 3450 rpm 
geared to the table so as to provide the necessary speed 
to index the table rapidly. The other winding of the in- 
duction motor has a synchronous speed of 300 rpm and, 
when energized, dynamically brakes the rotor from its 
speed of 3450 rpm down to about 250 rpm so that, at 
that speed, the table can be driven into a stop and held 
by the motor without damage or shock. In this installa. 
tion, the table can be rapidly indexed and then braked 
and brought down to a slow speed for positioning into 
a stop without declutching, without changing gears, and 
consequently providing a low-cost and relatively mainte- 
nance-free system. C 
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Analysis of 
Numerical Control Systems 


Functional breakdown of the large number 
of machine-control combinations seen at the 
recent Machine Tool Exposition — 1960 
and the concurrent Production Engineering 
Show (components and systems) held in 


Chicago. Technical subtleties abound. 


FRANK J. OLIVER 
Edliter 


ConTroi-wise, the ‘greatest show ever’ took place iin 
September at the Machine Tool Exposition—1960 in 
Chicago, where 124 machine-tool builders put on display 
over 1000 machines representing the results of five years’ 
design activity since the last show sponsored by the 
National Machine Tool Builders’ Association in 1955. 
At the companion Production Engineering Show, a 
nearly equal number of exhibitors showed accessory in- 
struments, components, drives and complete numerical 
control systems, retrofitted* to purchased machine tools 
to demonstrate their capabilities. 

Five years ago, a handful of machine-tool builders 
exhibited machines that were numerically controlled 
either by punched card or tape (at that time, the wider, 
the better). Some of the systems were strictly prototypes 
that faced almost immediate redesign or extinction. 

In 1960 it is a case of “everybody and his brother” 
getting into the field. Two dozen control systems manu- 
facturers are actively engaged in supplying numerical 
control systems to original equipment manufacturers or 
are ready to handle a reconversion job. Among the new- 
comers are standard industrial (NEMA) control manu- 
facturers such as Allen-Bradley, Square D and Westing- 
house. At the other end are aircraft and space-systems 
firms such as Minneapolis-Honeywell, Hughes Aircraft, 
Norden, Sperry and Thompson-Ramo-Wooldridge. In 
addition, some dozen machine-tool builders have designed 
and built their own NC systems, in many cases offered 


© Retrofit-ted: vernacular borrowed from aircraft production where tape-controlled 
contouring (sculpture machining) was first applied. A contraction of the phrase 
“to retroactively fil,” meaning apply a new (control) system to an existing 
machine, including mechanical modifications required, such as application of 
circulating ball leadecrews, addition of measuring transducers, servo and asso 
ciated control equipment. In other words, “to convert’—in this case, to « 


more sophisticated system. (Source: Stanford Research Institute report.) 


as an alternate choice to the application of one or more 
commercial systems on similar machines. Three machine- 
tool builders have set up subsidiaries or divisions to 
manufacture and sell their systems to others. These are 
Carlton Machine Tool Co. (Carlton Controls Corp.) , The 
Cincinnati Milling Machine Co. (Cimtrol Div.), and 
The Warner & Swasey Co. (W&S Control Instrument 
Div.). 

The accompanying table is a listing key for some 36 
NC systems described in the following pages in concise 
and identical format—function by function and applica- 
tion by application. Some 60 applications are referenced, 
as seen at the concurrent Chicago Shows, plus systems 
and application data supplied by a few non-exhibitors 
known to be in the vanguard of such applications 
(notably Pratt & Whitney Co.). At that, the list is un- 
doubtedly incomplete, for which we make no apology 
other than time at the shows and available space. 

Analyzing the applications, one development trend 
stands out: the big play is on point-to-point positioning 
systems, in contrast to the much more complicated and 
expensive continuous-path contour controls, which usu- 
ally have to be pre-programmed by a digital computer. 
Steps are being taken to reduce this user operating cost 
and even to make manual (i.e., electric typewriter) pro- 
gramming possible where contours are in the form of 
straight lines, tapers and arcs of circles. We counted 
only seven contouring systems, four of them designed 
by “captive” systems groups squired by machine-tool 
builders. 

What we have attempted to do in the analysis pre- 
sented here is to reveal the myriad ways in which 
essential common functions are performed and with 
what types of components. We have started with data 
input and ended with data readout. In between, we 
have examined methods of data storage and conyersion 
or comparison, methods of powering the feed movements 
and the all-important position transducer. In general, a 
closed-loop servo is involved. Not every system is elec- 
trical or electrohydraulic (the servo valve and controlled 
hydraulic motor is widely used). One system is 95 per 
cent air-hydraulic; another, 90 per cent mechanical, using 
epicycloidal and planetary gear trains similar to gun 
fire control (analog) computers introduced in the last 
war. 

With the exception of three contouring systems that 
employ magnetic tape (computer prepared) for input, 
input data are in the form of EIA standard 1-in.-wide 
paper or metal-plastics punched tape, with 8 channels 
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Application Key: Numerical Control Systems for Machine Tools 
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and generally the binary-coded decimal (1-2-4-8) format, 
with a few variations. Punched-card input was not in 
evidence in 1960, although offered as an option by a 
few. Flexowriter’s electromechanical reader predomi- 
nated, with a few Tally readers and proprietary photo- 
electric readers being observed. Two systems (Sperry 
and Moog) used pneumatic readout of blocks of infor- 
mation and thereby provided inherent temporary storage 
of input data while the tape stays still. 

A new term has popped up in the control system— 
logic circuitry—the business of making yes-no, yes-and- 
yes-and-yes, either-or choices with respect to commands 
coming off the tape and within the system. Logic func- 
tions can be performed by telephone-type relays, sealed 
reed switches, magnetic toroid cores, crossbar switches, 
tapped coils, stepping switches, diodes or transistors. 
The feed motion drives can be a-c or d-c motors, oper- 
ated as continuous servos or in a “bang-bang” mode by 
on-off magnetic clutches. Or they can be electrohydraulic 
servos, with either linear or rotary actuators. Feedback 
signals can be supplied by synchros, potentiometers, re- 
solvers, digitizers, diffraction gratings, electromagnetic- 
ally coupled coils or printed linear scales (Inductosyns) , 
and digitally coded scales. Commands can be “absolute” 
(i.e., measured from a reference) or incremental (meas- 
ured from one position to the next). Practically any 
combination of these choices can be put together. A great 
deal of flexibility will undoubtedly remain in design of 


systems and choice of components until maehine toel 
users learn enough about numerical control and its 
manufacturing potential to know what they really wam 
machines to do. 

In fact, with so many different approaches to numerical 
control now available, it is safe to predict that the 
machine-and-control system combinations that survive 
the inevitable market shakeout in numerical control sys- 
tems will not necessarily be those with technical superior- 
ity. Economic factors are most important. On low-cost 
shop equipment such as a simple vertical drill, the cost 
of numerical control can send the composite price up 
four to five times ($5000 to $20,000 or more); on more 
sophisticated machines, from $16,500 to $38,000, to 
cite but two examples. Some numerically controlled 
turret lathes range in price between $140,000 and 
$170,000—and attracted a great deal of show attention. 
Here it is their adaptability to short runs that counts. 
Design-wise, however, there is an encouraging trend 
toward simplicity in numerical control, resulting in 
smaller packages with less complicated mechanisms and 
lower in cost. In fact, after a hard look at the show 
competition, the principal systems supplier—General 
Electric—dropped its prices about 10 per cent on its 
Mark I-II-IIT series, at the same time disclosing a brand 
new NC control—the Mark Century—with simplified 
circuitry and reduction in rotary (electromechanical) 
components. 


1—Allen-Bradiey Point-to-Point 
Positioning System 


Made by Allen-Bradley Co.., 
kee, Wis. 


Milwau- 


Cleereman 3-axis numerically 
controlled layout drilling machine. 


Applic ation 


+0.0003 in. on table 


Position accuracy 


Data input: 1-in., 8-channel tape. 


Data conversion: reed-type relays used for 
digital storage. Transistor amplifiers and 
discriminators 


Feed motions: d-c thyratron motor drives 
on X-Y table motions; spindle feed by 
clutch control. Spindle speed and feed 
rates switched by solenoid valves and air 
clutches. 


Position transducer: resolvers driven from 
X-Y table leadscrews with final positioning 
by Farrand Inductosyn linear resolvers. 


2—Barber-Colman Tape-r-guide 
Numerical Lathe Control 


Electromechanical system for incre- 
mental type of X-Z point-to-point posi- 
tioning. Programs tapers by feed gears 
set up by X-Z commands. Made by Bar- 
ber-Colman Co.. Rockford, Til. 
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Position accuracy: +0.001 in 
and diam 


on length 


Data input: Victor Digimatic unit with deci- 
mal input, using 5-bit binary code (1-2-4- 
8-16, 31 total). Translator can be provided 
to convert Flexowriter binary-coded-deci- 
mal into the 5-bit binary code. 


Feed motions; d-c motors operating off full- 
wave thyratron rectifier. 


Position feedback: mechanical, open loop. 
Tape reader used as a revolution counter. 
Longitudinal increment, for example, is 
determined by the Z-axis feed-gear con- 
figuration and the number of feed holes or 
pitches in the tape between Z commands. 
Tape reader is geared to feed-motor drive 
shaft for synchronization. 


Command input: electromechanical epicy- 
cloidal intermittent stopping mechanism 
cycles pin clutch shafts for shifting gears; 
drive produces carriage feed rates of 0.001 
to 0.031 in. per input revolution or per 
pitch of the tape. Solenoids position YX- 
and Z-axis shift bars which operate yokes, 
which in turn actuate the pin clutches. 
Final feed drive adds binary inputs from 
the clutches through compound differen- 
tials. Ball circulating leadscrews. 

Relay logic (anp/or/Nor) used for aux- 
iliary functions. D-C spindle motor variable- 
voltage drive supplied from M-G set. Work 
spindle speeds selected by preset tap 
switches on headstock, 


3(a)—Bendix DynaPath—10 Ser. 
Numerical Contouring System 


Continuous - path, high - resolution, 
punched-tape control system for mill- 
ing, turning and grinding operations, 
made by Industrial Controls Section. 
The Bendix Corp., Detroit 37, Mich. 


Application: Ex-Cell-O Corp. Model 922 
contouring machine equipped for grinding 
accurate templates, also can be set up for 
boring and turning operations. 


Position accuracy: 0.0001 in. on grind- 
ing; 0.0002 in. in contour boring and turn- 
ing; smallest increment of movement, 
0.000025 in. 


Data input: 1-in., 8-channel punched tape 
read off a Potter tape reader. Manual input 
dials can also move within 25 millionths. 
Tape preparation requires computer such 
as Bendix G-15D, IBM 650, 704, 705, etc., 
or Remington-Rand SS-90 to compute cutter 
offsets and constant feed rates. 


Feed motions: rotary hydraulic motors 
with electromagnetic servo valves; recircu- 
lating-ball type leadscrews supported at 
both ends in preloaded ball thrust bear- 
ings. Precision roller bearings on ways. 
Slides set to zero by optical vernier on 
scale before tape control cycle is started. 


Position transducer: digital quantizer which 
produces pulse signals. 


(Continued on next page) 
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Kielier bearings on the slide ways and 
preloaded circulating-ball-type leadscrew 
and nut assemblies contribute to the 
accuracy of Ex-Cell-O Numera-Trol ma- 
chines. (Bendix) 


Digital readout: two rows of electronic 
counting tubes indicate the distance slides 
are removed from zero position. 


3(b)—Bendix DynaPath-20 
Series Contouring System 


Application: Pratt & Whitney 3-spindle 
Numeric-Keller contour milling machine. 


electronic resolution, 
incremental type of feed. 


Position accuracy: 


0.0002 in.; 


Data input: l-in, 8-channel 
binary-coded-decimal format 
reader. Machine control unit employs 
circular interpolation between discrete 
points called out by tape. Arcs up to 360 
deg generated from one block of tape in- 
formation; hence, tape may be prepared 
without a computer for parts machined 
from straight-line and circular cutter paths. 
Control unit uses transistor plug-in circuits. 


tape with 
on Friden 


Feed motion: rotary hydraulic motors con- 
trolled by servo valves. Slides have phenolic 
liners, ball leadscrews. 


Position feedback: phase-analog feedback 
with rotary resolvers. 


4—Bendix DynaPoint-20 Series 
Numerical Positioning 
System 

Two-axis point-to-point positioning 

system developed by Industrial Con- 


trols Section, The Bendix Corp., De- 
troit 37, Mich. 


Application: Moore No. 3 jig borer. 


Position accuracy: 0.0001 in.; 


0.000010 in.; zero shift. 


resolution, 


Data input: 1-in., 8-channel tape, binary- 
coded-decimal format. 
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Data storage and conversion: crossbar 
switches with modular transistorized cir- 
cuitry. 


Feed motion: multi-speed electric serve 


motors, 


Position transducer: three rotary resolvers, 
or two rotary resolvers and one linear re- 
solver. Feed-rate control optional on third 
axis. 


5—Carlton Model 600 Point-to- 
Point Positioning Control 


Made by 
Worcester, 


Carlton Controls Corp., 


Mass. 


Carlton Machine Tool Co. 
4H horizontal drill, 3ARS 


Application 
(Cincinnati) 
vertical drill. 


Position accuracy: +0.001 
0.0002 in., zero offset. 


in., repeat to 


Data input: 1-in., 8-channel tape on Friden 
Flexowriter; rotary decimal dials, or ten- 
key board. Tape is decoded into relay 
memory matrix. 


Feed motion: a-c induction motor with elec- 
tromagnetic clutches and brake. (Optional 
hydraulic motors or cylinders.) Final posi- 
tioning of servomotor always in same direc- 
tion to eliminate backlash on drive and 
control. 


Position transducer: decimal-coded disk 
and brush for simple decimal feedback. 


Readout: Nixie readout tubes, 5 places. 


6—Cimtrol Acramatic Numerical 
Control Systems 


Point-to-point and contouring-tape pro- 
grammed controls made by newly 
formed Cimtrol Division,* The Cincin- 
nati Milling Machine Co., for use on 
its own equipment, that of subsidi- 
aries, and for sale to others. All the 
l-in., 8channel standard 
EIA tape as input, or alternately 90- 
col. punched cards. The systems vary 
from simple to complex, according to 
demands .of application. Positional 
measurement is absolute, using a volt- 


systems use 


* Cimtrol Division also supplies tracing and gaging 


systems not described in thie NC review 


Tat 


Galil 


ll 


age-ratio analog of full axis travel to 
match against voltage-ratio input. Posi- 
tional accuracy up to 0.000050 in. in 
most sophisticated design. Typical, ap- 
plications are arranged in ascending 
order of complexity. 


Application A: Cincinnati Lathe & Tool 
Co. (sub.) numerically controlled 24-in 
vertical drill. Uses hydraulic cylinders and 
solenoid valves for table motion. Position 


feedback by resolvers. 


Application 8: Cincinnati Lathe & Tool 
Co. numerically controlled lathe, with two 
4tool cross-slide square turrets. Tools can 
be called out by tape in any order, front 
or rear, by programming diameter of work, 
tool number and longitudinal feed. Slide 
motion by Cincinnati hydraulic motors and 
servo valves. Position feedback by cascaded 
resolvers driven from lead screws. Zero shift 
and manual control of slides accomplished 
by calibrated handwheels on console. Elec- 
tronic counting tube readout. 


Application C: Cincinnati 18 x 72-in. nu 
merically controlled cylindrical grinding 
machine with 2-axis Acramatic rate-con 
trolled positioning for multi-diameter grind 
ing. Table position and traverse, wheelhead 
movement to correct location, truing rate 
and amount, cycle stop and auxiliary 
functions are tape controlled. Uses elec 
trohydraulic servo system. 


Applicetion DB: Cincinnati % x 120-in. nu 
merically controlled profile and contour 
milling machine with Cimtrol contouring 
control system consisting of radial hydraulic 
motors and servo valves, feedback input 
consisting of resolvers and linear induction 
potentiometers. Data conversion from tape 
signal is by rotary tap switches on preci 
sion voltage divider to cascaded toroidal 
step-down transformers, heart of system. 
Interpolation between discrete tape signals 
is parabolic, resulting in less points to 
generate a smoother curve than for straight 
line interpolation. Interpolator consists of 
additional toroidal transformers, rotary 
switch and induction potentiometer, with 
overlap to provide stepless switching. Other 
elements in the system include modular 
type amplifiers and phase discriminators 


7—Inductosyn Transistorized 
Numerical Control Equipment 


Two-axis positional control, with pro- 
vision for third axis, made by Farrand 


Three-speed Inductosyn linear-scale position transducer will replace resolvers for coarse 


and medium measuring elements. (Farrand) 
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Controls, Ine., New York 70, N. Y. 
Application: retrofitted to Moore jig borer. 


Position accuracy: 0.0001 in. with Induc- 
tosyn scale. 


Data input: 1-in., 8-channel tape on Flexo- 
writer. 


Data storage and comparison: 25-point 
stepper switch serves as address distribu- 
tor; at each step a specific function is 
initiated. From address distributor, signals 
go to number distributors, auxiliary step- 
pers and latching (memory) relays. There 
is one number stepper for each decimal 
digit required for positional programming. 
Steppers select taps on plug-in “computer” 
transformers to provide sine-cosine voltages 
of 10-ke carrier frequency as function of 
tap switch position. Analog output data 
from steppers feed stators of coarse and 
medium resolvers and Inductosyn scales at 
the machine. 


Feed motion: rotating d-c amplifier con- 
trolled by magnetic amplifier, or hydraulic 
rotary motor with servo valve. 


Position transducer: coarse and medium 
resolvers geared to leadscrew, with fine 
Inductosyn printed inductive scale on ma- 
chine slides. Error signals from these three 
data elements are amplified, switched and 
phase-detected through transistor circuits. 
The phase detector contains « servo null 
circuit with relay and indicator light for 
use in initiating clamping function at null. 

Farrand has just introduced 3-speed 
Inductosyn linear scales and slider (see 
illustration) which will provide linear ac- 
curacies of 0.001 in. over any length with- 
out use of rotating transducers (resolvers) 
for coarse and medium measurements. 


8—Ferranti FP-22 Numerical 
Positioning System 


Two- and three-axis point-to-point posi- 
tioning tape contro] made by Ferranti 
Electric Ltd., Edinburgh, Great Brit- 
ain, and distributed in the USA by In- 
dustrial Controls Section, The Bendix 
Corp., Detroit 37, Mich. 


Application: retrofitted to Burgmaster tur- 
ret drill. 


Position accuracy: 0.0005 in., floating zero, 
resolution available from 0.001 to 0.0001 in. 


Data input: 1-in., 8-channel binary-coded- 
decimal format type. Manual input by 5, 
6 or 7 decode dials, depending upon travel 
and resolution of system. 


Data storage and comparison: transistor 
decimal counter circuitry on plug-in cards. 
Ternary logic checking circuit. 


Feed motion: standard electric motors with 
two clutches to give rapid transverse rates 
up to 200 in. per min, plus feed rate. 


Position transducer: optical grating on steel 
or glass with photoelectric sensor creates a 
moving fringe pattern which is detected 
and counted by photocells. 


NOVEMBER 1960 


9—Fosmatic Numerical Control 


Control system made by Fosdick Ma- 
chine Tool Co., Cincinnati, for own 
use on jig borer. (Fosdick also exhib- 
ited two machines with General Elec- 
tric Mark II NC.) Jig borer features 
automatic tool changing from vertical 
“pigeonhole” storage racks. 


Position accuracy: +0.001 in. 


Data input: 1-in., 8-channel punched tape 
with binary-coded-decimal format. Manual 
potentiometers are preset for separate tool 
depths on spindle. 


Data storage and conversion: relays for de- 
coding and three new North Electric 
crossbar switches with permanent-magnet 
holding latches for storage. (Magnets hold 
switches’ X-Y positions in event of voltage 
failure.) 


Feed motions: d-c servomotors on table. 
Tool changer is a separate unit, hydrauli- 
cally powered. 


Position transducers*: on jig borers, direct 
dimension-measuring systems employing 
Grade A end gages carried in turret and 
called out by six printed-disk commutators 
and brushes. Final position obtained by 
limit switch actuated by 11:1 lever arm. 
Two gage-rod assemblies (one for rapid 
traverse, other for feed depth) control 
tool feed by servo positioner. 


10—Gemco TAPAC Ill Control 
System 


X- and Y-axis positioning and auxiliary 
control for selection of speeds, feeds 
and spindle-depth controls made by 
Gemco Electric Co., Detroit. 


Application: DeVlieg Machina Co. 3-in. 
horizontal boring machine (3H-72 Spira- 
matic Jigmil). 


Position accuracy: 0.0001 in. 


Data input: 1-in., 8-channel paper or Mylar 
punched tape with standard Flexowriter 
code. 


Tape decoding and data storage: stepping 
switches and tapped toroids, plug-in sealed 
relays for logic section. A feature of the 
Gemco system is the use of color-coded 
plug-in module cases, with handles, for 
each function. 


Feed motion: a-c motors driving lead screws 
and controlled by relays, involving over- 
shoot and retraction, with final approach 
from one direction. 


Position transducer: coarse position ob- 
tained by master measuring bar with 0.20- 
in. gage pins spaced exactly 1.0000 in. 
apart and differential transformer-type 
sensing head. Sealed micrometer screw 
adjusts exact position of sensing head in 
increments of 0.0001 in., using a servomotor 
for drive and resolver for feedback. 

* Basic system was described in Exvecraica, Manxv- 
vactuninc (now Exacrao-Tecmwotocy) April 1958, 


p 120, under “Automatic Positioning with Punched 
Tape Control.” 


11—General Electric Mark 
Century Numerical 
Contouring Control 


Introduced at Shows by Specialty Con- 
trol Dept., General Electric Co., 
Waynesboro, Va., to eliminate the need 
for a computer in preparing tape for 
simple contouring operations involving 
straight cuts, slopes and arcs of circles. 


Application: LeBlond Tape-Turn lathe 
made by The R. K. LeBlond Machine Tov| 
Co., Cincinnati. 


Data input: 1-in., 8-channel tape. Push- 
button keyboard for overriding the taped 
program. 


Data handling: solid-state gates using trans- 
istors, diodes and resistors on printed-cir- 
cuit plug-in cards (no stepping switches 
and tapped transformer as in Mark I, II, 
III series). 


Carriage and cross-slide actuation: %-hp 
d-c motors with Thymotrol conversion units. 
Ball-circulating leadscrews. Wesche torque 
motor to clamp tool turret on cross slide. 
G-E Speed Variator, 20-hp d-c motor drive 
on spindle. 


Position feedback: standard Mark 100 
transducer consists of a row of 0.1 in. 
diam pins encapsulated in a holder which 
passes through air gap of multicoil C-core. 
Feedback signal is in form of sine wave. 
Used in combination with coarse resolvers 
and tachometer generator. Le Blond ap- 
plication uses cascade resolvers only. 


12—General Electric Mark 1, ll, 
ii! Numerical Controls 


Point-to-point positioning system, using 
l-in., 8-channel tape, made by General 
Electric Co., Specialty Control Dept., 
Waynesboro, Va., and applied to a 
variety of machines, seen at the 1960 
Show. A few selected examples are 
given. All employ zero data offset. 


Application A: American Tool Works Co. 
19-in. column radial drill uses General 
Electric Mark II control for coordinate 
positioning of column (and control console) 
on rail and of head on arm. 2-C motor 
and amplidyne drives for feed motions. 
(See illustration on next page.) 


Application B: Brown & Sharpe cylindrical 
cam miller. Table driven by rotary hydrau- 
lic motor with servo valves. Selsyn feed- 
back. This is a point-to-point positioning 
control with cam blank indexed in discrete 
steps and end mill feed in and out between 
indexing. 


Application C: Brown & Sharpe Turr-E- 
Tape vertical turret drill with X-Y position- 
ing table controlled by GE Mark Il NC 
system. Employs d-c motors on lead screws 
and selsyn feedback. Stepping relays and 
tapped transformer coil transform digital 
tape data to analog voltages to match 
selsyn feedback signals. 


Application D: Cincinnati Gilbert Machine 
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In any numerical contro] system, provision for manual override of tape signals is a 
necessity. Here the familiar General Electric 5- and 6-column decade buttons of the 
Mark II control are in a cabinet mounted directly on the head of an “American” radial 
drill, and ride with it on the arm. Tape reader is at left. (GE—American Tool Works) 


Tool Co. horizontal boring machine with 
either GE Mark Il or Mark Ill Numerical 
Control. Uses amplidyne motors for feed 
drive, synchro feedback. 


Application £: Edlund Machinery Co. 
Model 2N Layout Drilling Machine with 
numerical tape and dial control. Uses X-Y 
positioned table with Thymotrol feed drives 
and recirculating ball nut and screw. Bear- 
ing ways are faced with Rulon synthetic 
low-friction material. Tool rack has signal 
lights keyed to tape control. Spindle is 
driven by a 2-speed, a-c brake motor and 
spindle speed is governed by motor chang- 
ing pitch of V-belt pulleys. Variable-speed 
d-c motor provides range of spindle feeds, 
with preset limit switch stops to govern 
depth of feed for selected tools. 


Application F: Kearney & Trecker Model 
Ill Milwaukee-Matic milling, drilling, bor- 
ing, tapping, etc. machine with automatic 
tool changer. Rotary tool storage maga- 
zine holds up to 30 tools. Automatic tool 
changer removes tool from horizontal 
spindle and replaces it with tape-selected 
tool for the next operation. Uses GE spe- 
cial NPC Control for control of movements 
of the column (horizontal), saddle (verti- 
cal), table (transverse) and auxiliary fuuc- 
tions. Control uses limited form of circular 
and linear interpolation to establish cutter 
path along arcs and slopes. Machine axes 
powered by hydraulic motors and dual servo 
valves. Friction load of column reduced by 
antifriction roller cartvidges. Position feed- 
back by Inductosyn (Farrand) scales. 


Application G: Leland-Gifford numerically 
controlled vertical drill for printed-circuit 
boards. Employs tool rack with lights to 
call out tool changes by tape of GE Mark 
II Control. Novel feature of this application 
is use of GE Thymotrol d-c motor drives of 
hydraulic pumps which supply table trav- 
erse cylinders. 


Application H: Lucas Precision Versa- 
Tronic vertical drilling, boring and milling 
machine with head-on cross-rail and 66 x 
146 in. table. Automatic tool changing from 
vertical “pigeonhole” magazine can be pro- 
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grammed into tape. Mark III tape control 
governs longitudinal table travel, crosswise 
travel of spindle head and vertical feed of 
spindle, with three sets of decade push 
buttons for tape override on control console 
All feed motions and spindle drive sup 
plied from single 20-hp induction motor, 
through tape-selected clutches and gears, 
to give 27 spindle speeds and 13 feed 
rates. Control selects rapid traverse clutch 
for rapid positioning feed, then switches 
to creep-rate feed for final positioning. 


Application i: Wiedematic A-15 30-station 
turret punch with positioning table, made 
by Wiedemann Machine Co. Uses high 
speed Friden tape reader (20 digits or 
letters read per sec) with buffer storage 
Aircraft-type hermetically sealed relays 
used in the logic circuits of the GE Mark 
II positioning control. Position motions ob 
tained by hydraulic cylinders and high and 
low-speed servo valves operating at 1000 
psi. Differential feedback selsyns enable 
adjustment of zero offset to +0.020 in. 


13—General Electric Continuous- 
Path Magnetic-Tape Control 


Application A: Ekstrom-Carlson Machine 
Tool Co. No. 200 numerically controlled 
three-dimensional planer-type profile miller. 


Data input: 14-channel magnetic tape (IBM 
709 computer was used to convert plotted 
digital data to that of complex tilted plane 
of work piece used to demonstrate flexi 
bility of system). 


Table and slide feed: electric motor driv- 
ing anti-backlash precision ball bearing 
screw. Table slides employ recirculating 
roller bearings on ways. 


Position feedback: synchros. 


Application 8: Giddings & Lewis Model 
B-20 DiMil three-axis contouring die miller 
uses GE magnetic tape path control. 


Data input; 14track (6 multiplexed) mag 
netic tape containing phase-shifted square 
waves obtained from Concord Control Inc. 
director, 2430 pulses per in. Row path 
data prepared by IBM 650 computer. IBM 
cards punched from data input on 1-in., 
8-channel punched tape. Interpolation meth- 
od between discrete points is linear over 
time interval, X =< [((X_ — X,) /AT]e + Xj. 
As signal pulses shift in phase, servos 
follow to produce same phase shift of 
position-feedback signals 


Application C: Kearney & Trecker skin and 
profile mills. Use GE controls with 14 
channel magnetic tape prepared by sepa 
rate director. Amplidyne feed drive, synchro 


feedbac k 


14—Giddings & Lewis 
Numeripoint System 


A family of closely related positioning 
systems using common building blocks, 
some with speed and feed control, made 
for own use by Giddings & Lewis Ma- 
chine Tool Co., Fond du Lac, Wis. 


Position accuracy 


+-0.0001 in. per ft. Ab 
solute measurement. 


Data input: 1-in., 8-channel tape 


relay logic circuits and 
crossbar switch storage feeding into 10-tap 
autotransformers. 


Data conversion 


Feed motion servos: by a unique time 
sharing arrangement, a single d-c motor 
supplies mechanical power for both axes to 
adapt the drive for essentially simultaneous 
positioning over different lengths of travel 
along each axis. This is accomplished by a 
stepped-speed program of six ranges, each 
under control of a specific feedback re 
solver in the position-measurement system 
As machine slide approaches the program 
med position, a relay switches in the next 
resolver of greater resolution and actuates 
the clutch drive mechanism to a slower 
speed. The time-sharing arrangement is 
such that both X- and Y-axis clutch sys 
tems are actuated only when both are in 
the same “error” range; otherwise, only 
the one with the greatest error is ener- 
gized 


Position transducer: Inductosyn scale and 
cascaded resolvers in overlapping coarse, 
medium, fine relationship. Reference offset 
servo used to bring feedback signals to 


null at set-up time 


Data readout: Nixie tubes display opera 
tion number, X-Y coordinates, tool number 


Giddings & Lewis also manufactures the 
“Numeripath” continuous path control sys 
tem 


15—Gisholt Positioning and 
Continuous-Path Magnetic 
Tape Control 


Own control system designed by Gis 
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holt Machine Co., Madison, Wis., and 
applied to its Factrol 101 automatic 
turret lathe. 


Position accuracy: data input to 0.001 in.; 
resolution, 0.0002 in. 


Data input: 2'%4-in. magnetic-oxide Mylar 
tape with 6 channels, the two outer ones 
for discrete digital binary-coded decimal 
data to control auxiliary functions; the 
center four bands, continuouy analog sig- 
nals to control cross-slide transverse and 
longitudinal motion informativn, and turret 
transverse and longitudinal motion data. 
Skewing of tracking lines or traces (12) in 
each band becomes a movement signal. 
Auxiliary functions controlled by digital 
code include selection of 24 spindle speeds, 
feed and traverse rates, selection of four 
tool positions on cross slide and of six 
tool positions on cross and longitudinal 
feeding turret, and coolant flow control 
to each tool. 


Recording unit: separate unit provides for 
automatic conversion of digital input data 
taken from program sheets to analog path 
form on magnetic tape. Longitudinal-X and 
cross-Y end-point coordinate data are put in 
manually on 5-place decimal keyboards, 
plus angle and direction of motion. Tool- 
path radius is also cranked in. Separate 
keyboard digitally codes auxiliary functions. 


Feed motions: hydraulic cylinders con- 


trolled by servo valves. 


Position transducer: meter bar with mag 
netic poles spaced 0.050 in. apart is scanned 
by Permalloy square-thread screw driven 
by synchronous motor at 120 pitches/sec, 
creating 120-cps voltage in associated pick- 
up coil. Phase of voltage is a function of 
relative positions of screw and bar. Tape 
reader employs similar motor-driven screw 
to scan magnetic lines. When lines are 
skewed (motion signal), output signal 
voltage undergoes phase shift. A phase 
discriminator compares command and feed- 
back voltages and, when difference exists, 
servo valves are energized to null this 
difference. Phase displacement is 3.6 elec- 
trical degrees per 0.001 in. 


16—Hillyer Point-to-Point 
Numerical Control 


Made by Hillyer Corp., Cranford, 
N. J., for its own use on Models F-24- 
and 36-in. single-spindle vertical drill- 
ing machines. 


Position accuracy: 0.001 in. 
petitive accuracy, 0.0005 in. 


per ft; re- 


Input data: l-in., 8-channel Flexowriter 
tape or Hillyer 4in. direct-reading decimal- 
code tape. Decode dials for manual input 
and zero-point adjustment. 


Feed motion: table, %-hp 3-phase motors, 
reversing contactors and electric clutches 
for geared speed changes. Ground lead 
screws with split nut (ball-nut lead screws 
optional). Spindle feed, Hillyer hydraulic 
servo feed system. 


Position transducers: digital shaft-position 
encoders on table lead screws. Spindle 
depth controlled by 12 pairs of stops on 
rotary indexed cylinder, one stop of each 
pair controlling rapid approach limit, the 
other bottom depth of hole. 


Digital readout: direct-reading counter; 
tool changes signalled by dial lights. 


17—Honeywell Point-to-Point 
Numerical Control 


Made by Machine Controls Products 
Dept., MinneapolisHoneywell Regu- 
lator Co., Minneapolis, Minn. 


Application: Fameo Machine Co. Model 
300 vertical milling machine. 


Position accuracy: mechanical, 0.001 in. 
per 100 in.; electrical, 0.0002 in. 


Input: 1-in., 8-channel tape, binary-coded 
decimal, on Tally tape reader. 


Comparator circuits: tape signals are de- 
coded into shift register, with timing cir- 
cuit to correlate tape feed to machine 
operation. A feedback comparator network 
is used to compare taped commands with 
table position feedback. Error signal is fed 
to amplifier to operate servo valves. Logic 
circuitry of comparator utilizes resistance 
summing and static switching means for 
discrimination. Sealed reed-type relays used 
for switching of feedback and reference 
circuits, 


Feed motion: rotary hydraulic motors on 
X and Y table motions; hydraulic cylinder 
on Z (spindle feed) axis. Both with M-H 
servo valves. Circulating-ball-type lead 


screws. 


Position transducer: precision limit switches 
are actuated by linear cams for binary 
feedback of coarse and medium table 
movements. Optical systems for final incre- 
ments consisting of chopped light beam 
reflected from grating bar into photocells. 
System converts pulse-width to continuous 
analog voltage level and is essentially an 
“absolute” feedback system. Tachometer- 
generator feedback provides automatic gain 
adjustment for automatic slowdown to 
zero point. 


Readout: panel incandescent lamps read 
out 1-248 binary-coded-decimal commands, 
meter pointers indicate deviation of tables 
from command positions. 


Auxiliary functions: tool changes are cued 
by signal lights on tool rack. 


18—Hughes Machine Tool 
Control 


A numerical control positioning sys- 
tem made by Industrial Systems Div., 


Hughes Aircraft Co., Los Angeles. 


Application: Burgmaster (Burg Tool Co.) 
Model 2 BHTL turret drill press with X-Y 
table positioning and vertical feed of turret 
head. 


Position accuracy: depth accuracy to 


+0.001 in. 


Data input: 1-in., 8-channel tape read 
photoelectrically on Hughes reader. 


Data storage and conversion: transistor 
circuits and mercury-wetted relays, modular 
construction. Axis counter is flip-flop reg- 
ister containing a number representing dis- 
tance table is to be moved. Position 
transducer and generator counts pulses 
down to zero, one pulse for each 0.001 in. 


Feed motion: d-c servomotors on table 
leadscrew, one for rapid traverse (180 
in./min) until coincidence point is ap- 
proached, the other geared down for creep 
speed of 2.5 in./min. Hydraulic cylinder 
feed on turret head, with separate feed-rate 
adjustment by bleeders for each tool posi- 
tion. Spindle motor has choice of four 
preset speeds for each tool position. 


Position transducer: photocell disk counter 
provides digital pulses. Z-axis control has 
two electronic counters, one set for total 
depth, the other for end of rapid traverse 
and start of feed rate. 


19—Jones & Lamson Tape 
Control Positioning 


Made by Jones & Lamson Machine Co., 
Springfield, Vt. 


Applications: 3-axis point-to-point position- 
ing on J & L turret lathes and 20 x 20-in. 
positioning tables, also retrofitted to drill 
presses and boring mills, and punch presses 
made by others. 


Position accuracy: +0.001 in. per 20 in. 


Data input: 1-in., 8-channel Mylar-paper 
tape, binary-coded-decimal. Flexowriter, 
Wang or Photocircuits reader. 


Data storage: mercury-wetted relay matrix 
for tape decoding and buffer storage. Com- 
parison circuits use silicon transistors. 


Slide motion: hydraulic cylinders governed 
by two-stage servo valves (a-c motors used 
on low-level table applications) ; max rate, 
400 in./min. Water cooled pump. 


Spindle drive: 30-hp a-c motor through 
headstock gears shifted hydraulically 
through solenoid valves. 


Position transducer: instrument lead screw 
geared in 10:1 ratio to four levels of 
synchros used as control transformers with 
3-phase windings on stators and 1-phase 
winding on rotors. Stators receive discrete 
voltages from tape decoder relays and 
tapped transformer. Rotors position measur- 
ing leadscrew governing hydraulic servo 
valve (see illustration). System is sensitive 
to lateral screw movements of 0.0001 in. 
Synchros are geared in such a manner as 
to be overlapping in acceptance of posi- 
tional commands in units, tenths, hun- 
dredths and thousandths of inches. 


Auxiliary functions: tape controls indexing 
of front and rear square turrets on cross 
slide, of hexagon turret on saddle, feeding 
of bar stock and spindle chuck actuation. 
Signal lights on operator's panel call out 
malfunctions such as loss of hydraulic 
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motion of 


meosuring screw 


- 


Synchro input geor 


Interconnection of measuring leadscrew and hydraulic servo valve and actuator. 


Terr 


‘ 


errr. 


r 


Drain Pressure Drain 


Pow er 


piston is controlled by servo valve which is actuated by initial small force and motion 
derived from the measuring screw. (Jones & Lamson) 


pressure, collision of tool slides, etc. Ad 
justments of tape commands to compensate 
for tool wear made manually by differential 
transformers. 


20—Micro-Path 801 Numerically 
Controlled Positioner 


Point-to-point positioning system made 
by Micro-Path Inc., subsidiary of 
United Industrial Corp., Los Angeles. 


Application: turret head drill made by 


| Inches 


eo 
Woo 


——* 


Tenths 
Hundredths 
Thousandths 


Binory coded 

decimal punched 

tape Micrometer 
rotary octuotor 


Pressure 


Return 


Avey Div. of Motch & Merryweather Corp 


Position accuracy: +0.0002 in./ft. 


Data input: 1-in., 8-channel tape on Flexo 
writer. Decade switches for manual input 


Data storage and comparison: transistors 


perform all switching and logic functions. 


Feed motion: rotary hydraulic motors at 
tached to ball-circulating leadscrews and 
governed by servo valves. Tables ride on 
preloaded rollers. 


photo ell analog to 
Error signal between 
pulse voltage produced and command volt 
age drives servo valves. 


Position transducer: 


digital converters 


1, pneumofticolly 
operated binary 
selector 


voive 


8-level 
operated 


Data readout: table positions are read out 
decimally on panel meters, one for each 
digit. 

Micro-Path also makes a magnetic-tape 
playback system for continuous path con 
trol. The 801 Positioning system can be 
converted to continuous path control with 
the addition of director modules and a 
cess to computer for programming. 


Micro-Positioner X-Y 
See Sibley 


indexing Table: 
Semi-Automatic Tape Pro 
grammed Drill for application of Micro 
Path pushbutton-controlled indexing table 
employing a sensing device that detects 
indentations in taut steel tape on one side 
and end of layout table 


21—Moog Hydra-Point 
Pneumatic-Hydraulic 
Control System 


Non-electronic point-to-point position 


ing system made by Moog Servocon 
trois, Inc., Industrial Div., East Aurora, 
N. Y. Retrofitted to Burgmaster turret 


drill. 
Position accuracy 


0.0005 in 


Data input 
read in block form by Moog pneumatic 


l-in. binary-coded decimal tape 


reader directly connected to 8-level pneu 
eclector valve 
Block reader acts as own buffer storage. 


matically operated binary 


Table motion: hydraulic piston positioning 


servo 


Position transducer: novel combination of 
mechanical, hydraulic and pneumatic null 
ing system (see accompanying « hematic) 
A number of discrete nulling positions is 
provided by means of a micrometer selec 


tor valve moving past an array of port 


selector voive 
_ 


Simplified schematic of Moog pneumatic-hydraulic numerical positioner. 
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holes. This arrangement functions to feed 
hydraulic oil to the table actuator cylinder 
so that the table will move to the position 
where the valve spool band is nulled on 
the port selected by the command motion 
(by equalizing leakage to drain on both 
sides of spool band). In the servo valve 
cylinder, port holes are accurately drilled 
every 0.100 in. to serve as fixed gage points. 
Interpolation between the port holes is per- 
formed by making the valve land helical 
and rotating it like a micrometer screw. 
Rotation is by a rotary vane-type actuator 
in which a similar null-balance principle 
is used to center the vane over one of 
100 holes in the actuator faceplate. The 
hole selected is called out by the pneu- 
matic tape reader which positions sliding- 
plate hydraulic valve elements. The posi- 
tion of each plate corresponds to the pres- 
ence or absence of a hole in the punched 
tape. The rotary actuator assumes an angu- 
lar position corresponding to the hundredths 
and thousandths of the desired position. 

When the valves have been positioned, 
the hydraulic actuators drive the table to 
the required position and the table is 
clamped pneumatically. Air pressure initi 
ates tool feed through an electrical pressure 
switch. On tape command, pneumatically 
operated switches also control tool and 
feed selection and coolant flow 


22—Natcotrol Numerical Control 


Digital electromechanical point-to- 
point positioning system made by Na- 
tional Automatic Tool Co. (Natco), 
Richmond, Ind., for its own use on 
two-axis positioning table and on three- 


axis single-spindle drilling and tapping 


machines. Can also program milling op 


erations with continuous linear feed, 
but not curvilinear path control. 


Accuracy: +0.001 in. within 24 x 36-in 


area. 


Data input: 1-in., 8-channel paper or plastic 
tape using standard Flexowriter binary 
coded-decimal. Also manual dials. 


Data readout and storage: tape readout on 
to stepping switches which are used for 
buffer storage 


Feed motion: rotary hydraulic motors and 
electric clutches on machine cross slides: 
45-speed hydraulic motor and gear train 
on spindle feed motion, using binary- 
decimal-coded valve orifices to correspond 
with tape command. Provide rapid traverse, 
intermediate approach and drilling or tap 
ping feed rate. Feed screws engage ball 
circulating nuts. Final positioning on ta 
ble always made from same direction. Hy- 
draulic table clamps set when drive is 
disengaged. Zero shift obtained manually. 
Induction motor and electric clutches 
provide selection of 18 spindle speeds. 


Position transducer: Coleman analog-to- 
digital converters in form of five 10-point 
dial switches geared in decimal steps and 
connected to the lead screws. Digital sig- 
nals matched against those in memory 
units 


NOVEMBER 1960 


‘Three-axis machine available with auto- 
matic tool changer, 32 tools selected by 
tape. 


23—Norden Linear Positioning 
Systems 


Made by Norden Division of United 
Aircraft Corp., Santa Ana, Calif. 


Application A: Series 600 Modumatic Con- 
trol System (two-axis, point-to-point man- 
ual/automatic) applied to G. A. Gray Co. 
Model 660 FC horizontal boring, drilling 
and milling machine. 


Position accuracy: +0.0005 in. in 32 in. 
length. 


Data input: 1-in., 8-channel tape on Friden 
Flexowriter. Manual position selector: nu- 
merical coordinates of desired position can 
be fed in by a number of 10-position rotary 
switches, 


Feed motion: variable-speed d-c motor lead- 
screw drive. 


Position transducer: 10-pitch precision rack 
geared to two Norden absolute digital shaft 
encoders which provide six unambiguous 
binary-coded-decimal digits of information. 


Comparator circuit: accepts command sig- 
nals from tape reader and binary-coded 
signals from slide position encoder, puts 
out “error” signals proportional to the dif- 
ference between the two signals. Servo 
power amplifier accepts comparator output 
and steps up signal to drive table-position- 
ing motor. 


Position display: binary-coded signals from 
position transducer are fed to actual posi 
tion display unit with decimal readout. 


Application 8: Series 400 Modumatic Con- 
trol System applied to a La Pointe Ma- 
chine Tool Co. gantry drilling machine with 
{8-in, rotary automatic hole positioner. 
Two-axis, linear and rotary point-to-point 
positioning. 


Data input: 1-in., 8-channel tape. 


Servo actuators: 2-phase a-c servo motor on 
table index; constant-speed a-c motor and 
magnetic clutches on drill spindle head on 
cross rail. 


Position transducers: three geared Norden 
Decasyn transducers, connected to lead- 
screw. Devices are linear synchro-type de- 
vices with five stator windings spaced 72 
deg apart; one rev of rotor shaft produces 
1000 discrete, unambiguous signals. 


Comparator circuits: system control unit 
decodes signals from taff®” reader, then 
routes to storage regiatérs for transfer to 
command generator: The CG generates in- 
cremental voltage levels which are com- 
pared with signals fed back from positional 
transducer. Difference is presented to mix- 
ing amplifier which develops a single sig- 
nal which is amplified and fed to servo 
positioning motor. Movement of motor is 
proportional to error difference. 


Readout; 6-digit-type command display. 


Application C: Series 400 Modumatic Con- 
trol System applied to Atlantic Machine 
Tool Works Series 6000 jig-borer tape- 
control system similar to Application B. 


24—Pratt & Whitney 
Numerically Controlled 
Jig Borer 


Own control system made by Pratt & 
Whitney Company, Inc., West Hart- 
ford, Conn., is applied to jig borers 
with X-Y point-to-point position of 
table, X-Y-0 with rotary tables and 
automatic control of spindle speed, 
feed and boring depth. 


Position accuracy: 0.0001 in. absolute sys- 
tem with floating zero. 


Data input: 1-in., 8-channel tape, Flexo- 
writer code. Manual input by telephone 
dial to override tape information. 


Data conversion: stepping switches, cross- 
bar switches and tube flip-flops. Digital 
tape input is converted to analog form by 
10-tap autotransformer. 


Table motion: rapid-traverse slide drive 
motor handles whole-inch commands; mi- 
crometer drive motor the decimal group 
(to four places). 


Position transducer: notched master inch 
bar with moving electromagnetic five-posi- 
tion coil adjusted by motor-driven microm- 
eter screw. Potentiometers give voltage 
feedback from both coarse and fine table 
motors. 


Digital readout: three rows of electronic 
indicating tubes on separate display panel 
show information read from tape or manual 
dial. 


25—Reliance Programmed 
Numerical Control 


Point-to-point 2- and 3-axis positioning 
control made by Reliance Electric and 
Engineering Co., Cleveland 17, Ohio. 


Applications: Allen vertical drilling ma- 
chine with 16 x 16-in. table positioning. 
Retrofitted to Lahr turret drilling machine 
with 20 x 120 in. movements. 


Position accuracy: +0.001 in., absolute sys 
tem. 


Input: 1l-in., 8-channel tape on Friden 
Flexowriter reader, using the Tab sequen- 
tial system of coding and the proposed 
EIA standard of one character per row. 
(Tab code of 2-480 plus parity check is 
used to repeat previous instruction.) 


Manual input: rotary decade switches. 


Feed motion: Allen drill, 1-hp, 4000-rpm 
Reliance low-inertia d-c servo motor; max 
speed, 100 in./min. Spindle has small 
rapid-advance a-c motor, is clutched to 
spindle drive motion for power feed. Lahr 
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turret drill has head slide and saddle driven 
by %-hp, 1150-rpm d-c motors powered by 
reversing electronic drives and tachometer 
feedback for speed control. (Hydraulic 
servo drives also available). Drive is de- 
signed to slow down in proportion to dis- 
tance from programmed position during 
last 0.025 in. of movement. Both machines 
use recirculating ball lead screws. 


Linear transducer: Inductosyn (Farrand) 
system which uses resolvers for coarse and 
medium data and linear Inductosyn printed 
inductive scales and sliders for fine posi- 
tion feedback. (See Inductosyn numerical 
control.) 


Numerical readout: electronic indicator 


tubes. 


26—Rheem Numerical 
Positioning Controls 


Made by Electronic Div., Rheem Manu- 
facturing Co., Los Angeles. 


Application: Ex-Cell-O Model 758 Numera 
Trol single-point boring machine, with tape 
control of bore diameter through servo 
motor which changes tool radius plus 
X-Y-Z axis control. 


Position accuracy: resolution 0.0001 in. 
incremental type. Hole diameter held with 


in 0.0005 in. 


Data input: 1-in., 8-channel Al-Mylar tape, 
read off Rheem photoelectric reader. 


Data conversion: signals from tape are 
matched in bi-directional summing register 
against digital positional feedback. Count- 
down register employs electronic decade 
counting tubes. 


Feed motion: hydraulic or electric motor. 
On Ex-Cell-O machine, hydraulic open-loop 
servo system with tachometer feedback is 
used. Clutches in gear box change feeds 
from rapid traverse to cut. 


Position transducer: incremental feedback 
is from a single analog-to-digital transducer 
geared to ball-bearing leadscrew and pro 
ducing 10,000 pulses per in. of feed dis- 
placement. 


27—Sibley Semi-Automatic 
Tape-Programmed Drill 


Adaptation, with added program con- 
trols, of Micro-Path Inc., Micro-Posi- 
tioner pushbutton-controlled X-Y  in- 
dexing table to vertical single-spindle 
drill made by Sibley Machine & Found- 
ry Co., South Bend, Ind. 


Position accuracy: readback of manual 
table settings to 0.001 in. 


Data input: operator goes through X-} 
motions of layout table sequence for drill- 
ing hole pattern. Power travel by %-hp, 
a-c motor to approximate position; exact 
position obtained by handwheel, with read- 
out on smal] mechanical counter. Push 


158 


button-controlled solenoid actuates punch 
to form pip on taut steel tapes on side and 
end of table which thus store positioning 
program. 


Data feedback: table automatically repeats 
sequence of hole layout through electric 
clutch-brake cycling of table drive and 
pickup of tape pips by precision limit 
switches, Initiation of each cycle is manual. 


Operator prompter: Sibley “Drilling In 
formation Center” employs 8%-in. wide 
paper-tape control which presents typewrit 
ten hole coordinates for each hole position 
and indicates, by pre-punched holes and 
color code, instructions for required man- 
ual operations: left, right, forward, reverse 
traverse of table by selector switches, and 
drilling information. Spindle speed changes 
(70 to 2500 rpm) are obtained by motor- 
actuated adjustable sheave V-belt drive, 
with speed read out by tachometer gen- 
erator. Spindle power feed engaged by 
pushbutton through magnetic clutch; depth 
controlled by preset limit switch. At com- 
pletion of an operation, prompter tape 
(driven by clock-type motor) advances to 
next station. 


28—Singer/Diehl Numerical 
Control Positioning System 


Two-axis point-to-point positioning sys- 
tem made in modular form by Diehl 
Manufacturing Co., subsidiary of the 
Singer Manufacturing Co., Somerville, 
N. J. 


Application: retrofitted to Wade toolroom 
lathe and Fosdick upright drill. 


Position accuracy: +0001 in. on 4-in 
work table. 


Data input: Friden Flexowriter tape reader 
for 1 in., 8-channel tape. Decade switches 
for manual override. 


Data storage and comparison: relays and 
stepping switches. 


Digital-to-analog converter: relays pick off 
resistors in bridge circuit. Relays and tubes 
used for phase discrimination. 


Table feed motion: d-c servo motors 


Position transducer: rough measurement 
uses actuator gage bar with stops 1 in. 
apart. Fine position servo attached to mov- 
able table; consists of adjustable pawl 
activated by screw and servomotor. It 
breaks down the 1-in. increments of table 
travel. Final position obtained by actuator 
gage bar hitting dial indicator, to zero out 
and trip limit switch to stop servomotor. 
Phase discriminator establishes direction of 
table travel and point at which servo 
micrometer engages whole-inch portion of 
table motion, As adjustable pawl is driven 
to selected position, fine position trans 
ducer compares signal from digital/analog 
converter, routed through servo-amplifier, 
until null po‘nt is reached 


29—Specialmatic Automation 
System 


Unconventional 3-axis point-to-point 
numerical control system primarily de- 
signed for retrofitting to existing tur- 
ret lathes and other machine tools. 
Made by 
mB 


Specialties, Inc., Syosset, 


Position accuracy: repeatability to 0.0002 


in 


Data input: % stainless steel strip keys, 
each with prepunched holes for one to 
three sequential functions (as “turn 
face”), and mounted on periphery of in 
dex wheel in control console (see illustra 
tion). Hole pattern read photo-electrically 
Final tool-position adjustment made for 
each turret face or other motion by series 
of micrometer dials governing inductive 
device similar to differential-transformer 
type position feedback transducer. Coarse 
command signal supplied by inductive po 
tentiometer. Light indicates which dial is 
governing tool operation 


Position transducer: linear inductive type 
with moveable core composed of alternate 
magnetic sections and multiwinding stator 
in stainless steel housing. Transducer pro 


vides both coarse and fine position signals 


Slide motion: hydraulic or electrical servo 


Micrometer dials (left) provide final lathe tool adjustment on Specialmatic system. 
Index wheel holding 36 perforated program keys is shown at right. (Specialties, Inc.) 
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actuators. Hydraulic system permits con- 
stant feed to end of cut through overtravel. 


30—Sperry Numerical Machine 
Tool Control 


Point-to-point positioning system made 
by Sperry Gyroscope Co. of Canada, 


Ltd., Montreal, Quebec. 


Position accuracy: +0.0005 in.; 


ability, +0.0001 in 


repeat- 


Applications: X-Y positioning table under 
American Tool Works rail-type drill; W 
B. Knight Machinery Co. tape-controlled 
jig borer; Wiedemann turret-head punch 
press with positioning table 


Data input: 1-in., 8-channel tape fed 
through Sperry pneumatic reader (see il- 
lustration) which reads block of informa 
tion on 2 in. of tape length at a time, 
pertaining to one hole position. Reader 
controls pressure switches directly and acts 
as own memory. (If controls are overridden 
manually, the table will return to preset 
position, restored to “automatic” 
cycle.) Manual input is provided in the 
form of a bank of decade switches for 
each controlled axis. 


once 


Table motion: hydraulic cylinder controlled 
by Sperry (On Weidemann 
machine, a Vickers valve supplies added 
volume for rapid traverse of turret punch 
head.) Servo valve employs four ports 

two to each side of piston—to balance 
fluid flow and lock table at null position. 


servo valve 


coarse data 
element geared to rack brings table to 
within 0.050 in. of command position 
Final position obtained by precise linear 
printed hairpin coils on stator and slider 
attached to table. Low-frequency a-c signal 
applied to slider will induce sinusoidal 
signal in stator coil. Null points of wave 
form may be shifted in increments of 
0.001 in. by selection of appropriate slider 


Position transducer: rotary 


coils 

All electronic circuitry in the comparator 
section is on plug-in printed. 
A built-in test panel is used 
to locate faulty modules 


modular, 
circuit boards 


Sperry pneumatic punched-tape block 
reader serves as own signal buffer stor- 
age. 
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Linear position transducer used in 
Square D system has stationary (pri- 
mary) coil tapped at each inch point. 
Sliding secondary seeks unique null. 


31—Rapac Point-to-Point 
Positioning System 


Made by Square D Co., Milwaukee. 


Application: retrofitted to X-Y positioning 
table built by Standard Electrical Tool Co., 


Cincinnati. 


Position accuracy: +0.001 in.; repeat- 
ability, +0.0005 in. Fixed zero with +0.050 
in. offset. 


Data input: 1-in., 8-channel tape read off 
Friden reader. Decade tap switches for 
manual input. 


Data storage and conversion: tape data fed 
to Square D NoupPak transistor Nor logic 
for decoding and then distributed to stor- 
age circuit. 


Feed movement: reversing adjustable-speed, 
low-inertia d-c motor drive from thyratron 
tubes. Its high-gain circuits were especially 
designed for severe reversing duty cycles. 
Semiconductor shunt field supply. Tacho- 
meter generator speed control. 


Position feedback: magnetically coupled 
secondary sleeve (epoxy encapsulated, steel 
shrouded) moving concentrically to similar- 
ly enclosed tapped primary (or vice versa). 
See illustration. Transducer fastens directly 
to machine, eliminating inaccuracies due 
to wear of gears, racks and screws. Primary, 
excited by sinusoidal voltage source, ie 
tapped at each inch point. Currents flow- 
ing into tap are set to provide only one 
null in increments of 0.001 in. Secondary 
is connected to transistorized phase detec- 
tor which detects unique null at desired 
decimal position. Phase-detector d-c output 
is modified so reversing electronic drive will 
operate at full speed until within 0.2 in. of 
null before slowing down to “no-overshoot” 
stop by regenerative braking. Drive then 
remains energized, eliminating need for 
clamps. 


32—TRW Director Control System 


Combined analog-digital numerical 
contouring control system made by 
Dage Division, Thompson-Ramo-Wool- 
dridge Inc., Michigan City, Ind. 


Application A: heavy-duty 25-16-20 in. tool- 
room lathe made by Monarch Machine 
Tool Co., Sidney, Ohio. 


Electrical accuracy: 0.0001 in. 


Input: 1 in., 8-channel paper tape on Friden 
F lexowriter. 


Data storage and comparison: digital data 
from tape is stored in buffer and then 
transferred to active data register, both 
employing transistors. Essentially, digital 
input is converted into an analog output 
which is a square wave, phase-modulated 
to correspond to desired machine position. 
Pulses are produced by a variable-frequency 
oscillator through a pulse distributor under 
control of a clock cycle control. Final stor- 
age modules act as gates that permit pas- 
sage of a separate train of command pulses 
for each axis. Pulse trains are fed to 
modulators which also receive a 100-kc 
square-wave signal (also sent to the servo 
system through a frequency divider). Each 
modulator adds command pulses to the 
100-ke pulses if the sign is positive, sub- 
tracts them if negative. Frequency dividers 
divide the modulator outputs by 500, pro- 
ducing a 200-cycle square wave when no 
command pulses are generated. 


Feed motion: carriage, rotary hydraulic 
motor and servo valve, driving through 
rack and two pinions preloaded vs each 
other; cross slide, hydraulic cylinder, with 
ball screw for proportional feedback. 


Linear position transducer: resolvers driven 
by instrument racks on carriage and cross 
slides. The output of the comparator (de- 
modulator) is a d-c voltage proportional 
to the phase difference between the two 
inputs. This d-c voltage is applied to the 
torque motor of the hydraulic servo valve, 
causing a linear response. 


Application B: 14 x 28 x 60-in. Type C 
Tapeforming grinder made by The Thomp- 
son Grinder Co. Numerical contro] consists 
of TRW Director System, using two of 
available three-axis tape controls at one 
time. Machine demonstrated grinding sur- 
face of double curvature in vertical plane. 
Director tap programmed from punched 
cards on IBM 650 computing machine. 

Grinding wheel (14 x 2 in.) driven by 
5-hp a-c wheel-head motor from a U. S. 
Vari-Dyne variable-frequency generator 
package which (on tape command) auto- 
matically changes spindle speed from 
dresser position (size control) to work 
position to maintain constant peripheral 
wheel speed. 


33—Warner & Swasey 
Probomat Numerical 
Controls 


1-, 2- or 3-axis point-to-point positioning 
systems made by Control Instrument 
Division, The Warner & Swasey Co., 
Flushing 54, New York. 


Applications: Avey, Brown & Sharpe and 
Burgmaster turret drills; Portage 3 in. hori- 
zontal milling, drilling and boring ma- 
chine; Landis step grinder; Moore jig 
borer; retrofitted to De Vlieg Jigmils and 
others. (Continued on next page) 
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Position accuracy: Tele-Probomat (oper- 
ates with precision leadscrew or rack): 
programming definition, 3 decimal places, 
electrical contro] accuracy, +0.0005 in.; 
precramer def. 4 dec. pl., contro] accuracy 
0.0001 in. Pilot Probomat (independent 
of leadscrew or rack error), prog. def. 4 
dec. pl, control accuracy +0.0002 in. 


Data input: 1-in., 8-channel tape on Friden 
Flexowriter, binary-coded-decimal. Manual 
input by six decimal dial switches. 


Feed motion: d-c servomotor. 


Instrument servo motors position brush 
on single commutator bar for final posi- 
tion signal on Probomat NC system. 
(Warner & Swasey) 


Position transducer: instrument servo, in- 
dependent of power feed, is used to preset 
command position of brush and single com- 
mutator bar (see illustration). Instrument 
servomotors position brash in response to 
tape command. Coarse positioning obtained 
by gage bar with dowel pegs on 1-in. cen- 
ters, selected by star wheel and instru- 
ment servomotor. Where machine leadscrew 
is sufficiently accurate, digital position 
transducer is applied directly to screw; 
d-c motor drives through 2-speed gear box 


34—Warner & Swasey Servofeed 
Positioning Systems 


Record-playback positioning and con- 
tinuous path control applied to 4 axes 
of novel design of 25-in. swing turret 
lathe by Warner & Swasey Co., Cleve- 
land, who designed and built entire 
control system. 


Position accuracy: 0.0005 in. 


Data input: incremental tape path-contro] 
system uses l-in., 8-channel punched tape, 
one reader for each head—square turret 
on cross slide, pentagon turret on carriage. 
Tape data for one operation is read in 
block form by W&S photoelectric reader. 
Tape program is based on linear approxi- 
mations of cutter centerline. 
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Wang tape reader with simple telephone-type relay decoder matrix forms simple plug-in 
control on W&S single-spindle automatic. (Warner & Swasey) 


Manual data for automatic playback is 
fed into memory after each manual setup 
and operation are completed. Control will 
then repeat operations in same sequence. 


Data storage and conversion: heart of sys- 
tem is ferrite-core memory consisting of 
some 10,000 cores in a 96 x 96 matrix. 
For lathe control, the array is preset row 
by row, interrogated in parallel, and the 
binary data “rewritten” into the cores upon 
completion of “readout,” even before com- 
mand operation is initiated. 


Feed motions: low-inertia d-c servomotors 
drive ball lead screws through gear box 
containing two electric clutches, for feed 
and rapid traverse, and a brake. Headstock 
powered by 60/30-hp two-speed motor driv- 
ing hydraulically shifted transmission. 


Position transducer: each leadscrew drives 
a pair of shaft encoders, coarse and fine, 
consisting of optically coded disks read by 
photo diodes to produce digital feedback 
in reflected binary form. Give absolute 
value of slide position. Voltage levels are 
compared with numerical commands of 
magnetic core memory. Gear box shifts to 
crawl as signals approach coincidence. 


Manual control and data readout: dire 
tional levers (joy stick) provide manual 
control of direction and rate of rapid 
traverse, feed rate from selector switch 
dials. Distance movement from synchro 
dials. No handwheels provided. 


Warner & Swasey Simplified Tape Con- 
trol: Simple system, applied by The War- 
ner & Swasey Co. to its LAC single-spindle 
chucking automatic lathe (see photo), uses 
l-in., 8-channel tape loop for input and 
telephone-type relay matrix. Position trans 
ducer is a Wang brush-commutator disk 
encoder. 


35—Weditrol 2-Axis Numerical 
Positioning System 


Made by Wang Laboratories Inc., 
Natick, Mass. 


Application: retrofitted to Cincinnati 1D 
Toolmaster light vertical milling machine. 


Position accuracy: repeatibility +0.00025 
in. (electrical). Mechanical accuracy de- 
termined by machine lead screw accuracy. 


Data input: tape ranging from 0.687 to 
1.000 in. wide with 5 to 8 code holes, read 
on Wang tape block reader; 1-in., 8-channel 
tape is standard with 1-2-4-5 code. 


Data storage and comparison: relay matrix 


Feed motion: Rae %-hp d-c shunt motor, 
max speed 100 in./min, with slowdown to 
1 in./min with overshoot of 0.01 in. and 
reversal. (Optional: 2-epeed a-c motor with 
2-way clutch.) D-C motor energized by two 
sets of semiconductor rectifiers for field 
and armature, with a multi-tap autotrans- 
former and relays for speed control. 


Position transducer: Wang multi-stage non- 
ambiguous brush-commutator position en- 
coder attached to table leadscrew and con- 
verting shaft positions to decimal digit 
form. 


36—Westinghouse Prodac 
Numerical Control System 


Point-to-point position control made by 
Systems Control Dept., Westinghouse 


Electric Corp., Buffalo. 


Application: punched-tape controlled Fast 
ermatic turret lathe made by Gisholt Ma 
chine Co., Madison, Wis. Here Prodac sys 
tem is primarily a sequence control. 
Westinghouse, itself, showed its Prodac 
system retrofitted to a Moore jig borer. 


Position accuracy: +0.0005 in., electrical 
system accuracy band; repeatability, 
+0.0005 in. 


Data input: 1-in., 8-channel tape read on 
Tally reader. Selection of spindle speed 
and feed rate, turret face, turret carriage 
direction, rapid traverse stop, and pro- 
grammed cycle stop are called out. 


Data storage and conversion: decoding in 
NOR transistor matrix. Module type of 
static switching, transistor amplifiers, di- 
odes, hermetically sealed miniature relays 
for output to servo. 


Feed motions: hydraulic cylinders supplied 
by variable-stroke pump with servomotor 
providing 16 discrete positions of stroke 
actuator. 


Position transducer: Rotrac pulse generator 
of coded-disk type produces pulse for each 
0.001 in. of machine movement. Oooo 
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semiconductor 
electronics 


2. JUNCTION DIODES 


The theory of solid-state physics, covered in the first article in this 


series, is now applied to the discussion of the operation of junction 


diodes - 


- a necessary step in an approach to the eventual treatment 


of transistors and their application. The effects of biasing, the diode 


characteristic and current-voltage equation, and the nature of diode 


breakdowns are discussed in general, Particular emphasis is placed 


on Zener diodes and their use. 


A. A. SORENSEN 

Research and Development Division 
Srace Tecnnotocy Lasoratonies, Inc. 
Los Angeles, California 


Unbiased Junctions. In an unbiased junction be- 
tween any two materials, the Fermi levels are equal. 
More specifically, when two semiconductors are butted 
together, electrons and holes flow between the two regions 
until the Fermi levels are at the same relative energy. 
It will be remembered from Part 1 that the Fermi level 
is that energy level where average occupation probability 
exists. Figure 9 is an energy-level diagram for the junc- 
tion region formed when pieces of n-type and p-type 
semiconductor materials are joined together. 

It will be noted that a barrier of height qVz is formed 
in both the bottom of the conduction band and in the 
top of the valence band. The electron concentration in 
the p region is small and is called ny. The hole concentra- 
tion is the n region is also small and is called p,. Electron 
concentration in the n region (n,) and hole concentra- 
tion in the p region (p,) are large. Instantaneous cur- 
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rents caused by movements of holes and electrons 
average out to the four currents shown. 

According to the conventions of current flow estab- 
lished previously, it can be assumed that the total cur- 
rent flow is to the right so that polarities are assigned as 
follows: 


— leq + bee + Ig - Is @ LD (22) 


showing that the total actual current is zero. Note that 
the currents include only the density distribution func- 
tion above (or below) the barrier (which is cross- 
hatched in the illustration). With equal doping (and/or 
equal Fermi levels) the algebraic sum of these areas is 
zero. 

The electron and hole concentrations in the two 
regions may be determined from Eqs (8) and (12) as 
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where Q is a constant and £,., and E., refer to the 
energies of the bottom of the conduction band for the n 
and p regions and E,,, and E,, refer to the energies of the 
top of the valence band for the two regions. 

In Fig. 9, qV¢ is the barrier energy, where gq is the 
electron charge and Vz is the equivalent voltage of the 
barrier. It follows that 


qVe = Eon — Exp = Ex. — Eu (25) 


By dividing the two parts of Eq (23) and the two parts 
of Eq (24) and using the relationship expressed in Eq 
(25), the following ratios may be obtained: 
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These are called the Boltzmann equations of equili- 
brium for an unbiased junction. 

Forward-Biased Junctions. If an external bias is 
applied to a junction (such as making the n region 
negative with respect to the p region, the diode is for- 
ward-biased and current flows in the circuit. The bias 
voltage (V) causes the Fermi levels to be displaced by 
an energy gV. This decreases the barrier energy to 
q(V_ —V), and more of the majority carriers of the two 
regions are available for current conduction. 

Figure 10 is the energy-level diagram for a forward- 
biased junction diode. If we assume that the total current 
flows to the right, 


T= — Ing + Inn + Ipp — In 27) 


Since /,,, and /,, are much larger than /,, and /,,, the 
total current is positive and reasonably large. The greater 
the applied voltage, the lower the barrier and the greater 
the total current. 

In the case of a forward-biased junction, the Boltz- 
mann equations are 
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Fig. 9 — Energy-level diagram for an unbiased junction. 


Reverse-Biased Junctions. I{ the externally applied 
bias is such that the n region is positive with respect to 
the p region, the diode is reverse-biased and the current 
that flows is small. The barrier energy becomes q(V 4 4 
V) and no majority carriers are available for current 
conduction. 

Figure 11 is the energy-level diagram for a. reverse- 
biased junction If we assume that the total 
current is flowing to the right, 

I Tag Ton (29) 
The current that flows is due entirely to minority carriers 
and, for an applied voltage above some small level, the 


current is constant. Actually, a small voltage-dependent 
increase in current does occur, but it is caused by im 


diode. 


purities, surface conduction, and other effects. 
The Boltzmann equations in this case are 


In all of these biased situations we have assumed that 
the n and p regions have equal doping. This need not 
necessarily be the case. The various equations developed 
hold also for unequal doping. In a diode, the n region is 
called the cathode. 
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Fig. 10 
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Fig. 11 — Energy-level diagram for a reverse-biased junction. 
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Energy-level diagram for a forward-biased junction. 
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Fig. 12 — Portion of a diode energy-level diagram showing the 
diffusion gradient created by a reverse bias. 
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Fig. 13 —A typical diode characteristic. Note different scales. 


Ohmic Junctions. An ohmic contact, due to its 
construction, does not rectify. It contains a large num- 
ber of recombination centers in the interface region 
between the materials. Thus holes and electrons recom- 
bine in this region and thermodynamic equilibrium is 
maintained. The barrier does not form. Current thus 
flows equally well in either direction and no rectification 
results, 

The recombination centers result from the way in 
which the ohmic contact is formed. Usually a heating 
process such as soldering or welding is used to form the 
contact and, in the process, the lattice structure of the 
semiconductor is disturbed. Ohmic contacts are used to 
join leads to the semiconductor material. 

If a pointed metal conductor is merely pressed against 
a semiconductor, few recombination centers result. A 
barrier is thus formed and the junction will rectify. This 
is the manner in which point-contact diodes are made. 
These diodes, although historically the first semicon- 
ductor devices, are rarely used now because of non- 
uniformity and other qualities in which they are sur- 
passed by junction diodes. 

Carrier Lifetime. While the individual electrons in 
a semiconductor material move at near the speed of 
light, the net electron or hole flow is much slower and 
may limit the frequency response of the diode. If a 
voltage (or current) pulse is applied, the time that it 
takes for the diode to return to thermodynamic equi- 
librium is defined as the carrier lifetime. 

We have seen how the electron and hole densities are 
distributed far from the junction region. The density 
functions may actually change as the junction is ap- 
proached, particularly under reverse bias. With reverse 
bias, the minority carriers “see” a deep sink on the 
opposite side of the junction. This produces a diffusion 
gradient from normal concentration deep within the 
material to near zero concentration at the junction. A 
portion of a diode energy-level diagram under reverse- 
bias conditions is shown in Fig. 12. 

The change in carrier concentration from far from the 
junction to the junction, divided by the effective distance 
of change (diffusion length), is defined as the diffusion 
gradient. The reverse current is proportional to this 
gradient. Since the diffusion length is a function of 
voltage (barrier height), this effect adds to the voltage- 
dependent portion of reverse current flow. 

The Diode Characteristic. For a forward-biased 
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diode, current increases exponentially with voltage, de- 
viating from an exponential curve only at very high 
currents (Fig. 13). In the reverse direction, the current 
is made up of two parts, one that is dependent on 
voltage and one that is not. The voltage-dependent por- 
tion is independent of temperature. The constant portion 
is temperature-dependent and is called saturation cur- 
rent (/,). The total reverse current is referred to as 
diode leakage current. 

The Diode Equation. It will be useful to have an 
equation relating current to voltage and temperature. 
We start with the ratio in Eq (26) which gives the hole 
densities for an unbiased junction. 


Pa = Pp» ewa™ (31) 


If an external voltage, V, is applied (forward bias), 
there is an increase in p, of Ap,. Thus 


Po + Apa = poe ev, - aT pe a¥ ,JkT ga ikT (32) 


Subtracting Eq (31) from Eq (32) 
Ap, = pe a? (eM a*T — 1) (33) 


The quantity Ap, is the increase in the normal hole 
density which contributes to current flow brought about 
by the decrease in the barrier voltage by V. This con- 
stitutes the hole component of current flow and may be 
called J,. The hole density as given in Eq (31) is what 
we previously called /,,. This may now be substituted 
in Eq (33) to obtain 


La Lun (34) 


In a similar fashion, starting with the ratio of elec- 
tron densities from Eq (26), we may determine the 
electron component of current. 


Il, = le ™—1) (35) 
The total current is the sum of Eqs (34) and (35). 
T= 1, + In = (pn + Iny) (CO -— 1) (36) 


The sum of /,,, + J, is the diode reverse current, which 
we call /,, so that 


fa iGO» (37) 


This is the diode equation, and it applies to both forward- 
and reverse-bias conditions. Thus, for forward bias, if 


V >> kT/q, 
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This is the forward diode equation and is exponential 
in nature. For reverse bias, —V >> kT/q and 


(39) 


This is the reverse diode equation (neglecting the voltage- 
dependent portion). The quantity /, is very dependent 
on temperature. This dependence will now be determined. 

Temperature Dependence of Saturation Cur- 
rent. There are two different ways of showing the tem- 
perature dependence of saturation current. If /,. is the 
saturation current at 7, the saturation current at 7 
is determined by dividing the equations 


to obtain 


L,/le = (T/Tse rete 0'* (41 


The constant term, E,/k, is equal to 9100 K for ger- 
manium and 14,000 K for silicon. 

We may also show the temperature dependence of 

I, by taking the derivative of the first part of Eq (40). 

>. ~B aT 

il Tes pf Xen dT) 


n + 3(Te*edT | (42) 


— E ikT " 
“, athe nr 3B 2 
c 


dl, = I, (s i. =) 
dT - a ae 


Thus, at 7 = 300 K 
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for germanium and 
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for silicon. 

In other words, if ], were originally 1 microamp for 
each case at 27 C, at 37 C the increase would be 1.1 /, 
for germanium and 1.7 /, for silicon. The current at the 
higher temperature would be 2.1 microamp and 2.7 
microamp, respectively. We may therefore generalize and 
say that, near room temperature, the saturation current 
doubles for each ten-degree change in temperature for 
germanium and triples fer silicon. 

It would seem, from this, that germanium would be 
the better material for high temperatures. This is not 
true, however, because at normal temperatures silicon 
has a much lower /, than germanium and, even though 
it increases faster with increasing temperature, silicon 
remains better over all useful temperature ranges. This 
is due to the higher gap energy of silicon. 

Diode Breakdown. If the back voltage is increased, 
the diode will eventually break down for one of three 
possible reasons. These breakdowns limit the peak in 
verse voltage rating of conventional diodes and provide 
useful effects for certain special types of diodes. 

If the voltage is high enough, the power dissipation 
will increase sufficiently to raise the diode temperature, 
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thus allowing more current to flow. The latter, in turn, 
causes more power to be dissipated, which raises the 
temperature further, and a cumulative process takes 
place. Normally, the process stabilizes itself, but at 
sufficiently high voltage, the current tries to become 
infinite. This is called thermal breakdown and is de- 
structive to the diode. 

The other two types of diode breakdown are externally 
indistinguishable, although the actual breakdown mech- 
anisms are different. The two types are both commonly 
called Zener breakdown, although the Zener effect is 
actually the less common cf the two. The more common 
is called avalanche breakdown. We will examine both 
types. 

If the construction and doping of a diode is such that 
the junction width is very narrow, then, as the reverse 
voltage is increased, the true gap height is increased 
(vertically) but the effective gap height decreases (hori- 
zontally). Thus electrons and holes may eventually flow 
between valence and conduction bands across only a 
small energy difference and current flows. This causes 
an abrupt break in the diode reverse characteristics (at 
some particular voltage) and the current will increase 
greatly for only a small change in voltage. This is called 
Zener breakdown and it occurs in diodes having a break- 
down voltage of less than 5 volts. 

If the diode is constructed or doped so that the break 
down voltage is over 5 volts, the process is avalanche 
breakdown. This is similar to secondary emission in a 
vacuum tube. The high voltage provides such a high 


Fig. 14——Typical Zener-diode characteristic (a) and plot of 
dynamic resistance vs Zener voltage for various operating cur- 
rents (b). 
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Fig. 15 — Temperature coefficient vs voltage for a Zener diode. 


acceleration to an electron that it imparts enough energy 
to a bound electron to free it, creating a hole-electron 
pair. These in turn are accelerated, etc. The effect snow- 
balls in a current-multiplication process. 

Zener breakdown and avalanche breakdown are not 
destructive to a diode, providing the current is limited 
and thermal runaway does not also occur. Both the Zener 
and the avalanche effects occur in all diodes, but the 
one that occurs first masks the other from observation. 
One need not be concerned with the actual mechanism 
since the external characteristics are the same. In a 
normal diode the effect is undesirable. However, the 
effect has been put to use in voltage-regulator diodes, 
called Zener diodes. 

Zener-Diode Characteristics. The characteristics 
shown in Fig. 14(a) indicate that the Zener diode has 
some smali dynamic resistance in the Zener region. This 
resistance is a function of operating point (current) and 
of the particular Zener voltage that the diode has. Dy- 
namic resistance is plotted against Zener voltage in 
Fig. 14(b). Note that the minimum possible resistance 
is about 2 ohms. This is for high currents and Zener 
voltages of about 7 volts. 

The Zener slightly with current 
changes because of the diode dynamic resistance. These 


voltage changes 


changes may be induced in the actual circuit by supply- 


voltage or load changes. The Zener voltage also changes 
as a function of temperature. For Zener voltages of less 
than about 5, the temperature coefficient is negative and 
for over 5, it is positive. Zener voltage vs temperature co- 
efficient is plotted in Fig. 15. The slope of the main 
portion of the curve is about 0.04 per cent per deg C 
per volt. 

The best regulator diodes are made by using two con- 
ventional diodes and one Zener diode, all connected in 
series. The temperature coefficients of all three are chosen 
so that they cancel each other. Using techniques of this 
sort, diodes can be built to have a coefficient of about 

0.001 per cent per deg C. These have a Zener voltage 
of about 8.5 at a current of 15 ma. 
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Other Diode Effects. The barrier width of a diode 
junction is a function of the applied voltage. It is also 
a function of the geometry, doping, and material, all 
of which are constant. The barrier width is 


W, = V2epuV, (47) 


where 


¢ = dielectric constant 

uw = electron mobility 

p = resistivity ; 

V, = barrier voltage = (Vz — V) = V 
For germanium 


W, = 7x 10* ¥ Vem (48) 
and for silicon 
W, = 2.4 X 107 V¥ Vem (49) 


Junction capacity is a function of the same constants 
and the voltage. Thus 


C; = V e/2ueVs (50) 
For germanium 
Cy = 2 X 10° ¥V V farads per sq cm 
and for silicon 
C; = 2.15 X 10-"” Vv V farads per sq cm 


This dependence on voltage is used in voltage-variable 
capacitors to give tunable solid capacitors for r-f appli- 
cations. These capacitors are designed specifically for 
the application and are operated in a reverse-biased 
condition. 

Forward voltage drop is caused by the slowly rising 
current at the beginning of the forward characteristic 
shown in Fig. 13. The drop can be from 0.2 to 0.4 volts 
for germanium diodes and from 0.5 to 0.8 volts for 
silicon. This voltage is temperature dependent and the 
coefficient is negative. The forward voltage drop may 
be harmful since it reduces the efficiency of a diode used 
as a rectifier and it causes difficulties in diode amplitude 
detectors. It may also be used to advantage, however, 
as a very-low-voltage reference or level changer. 

Diode Construction. Point-contact diodes are made 
by pressing a thin, sharp metal (tungsten) wire into a 
thin silicon or germanium wafer of either n or p type. 
An ohmic contact is made to the opposite side of the 
wafer. 

Junction diodes are made by producing extremely 
pure intrinsic material by a process known as multiple- 
zone melting. This involves the repeated passing of a 
bar of material through an induction heater. The im- 
purities move along with the molten zone. The pure 
crystal is then remelted and a new crystal is pulled, first 
adding donor impurities and then acceptor impurities, 
etc. The new crystal then has alternating n and p regions. 
It is sliced and etched to make many diodes. Ohmic con- 
tacts are applied and the diode is encased. This is called 
a grown junction. 

Diffused junctions are made by diffusing impurities 
into an n- or p-type material at high temperature. Alloyed 
junctions are made in a similar way using impurities 
that form alloys with the basic material. 

Electrolytic etching is used to form surface-barrier 
diodes. An electrolytic jet stream containing the opposite 
impurity eats away the basic material. Then the current 
is reversed and plating occurs to form the junction. 

O00 
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© Analog machines as measuring devices 


© Continuous computation: multiplying, 


summing, integrating, and sign-inverting 
circuits; non-linear elements; trigono- 


metric devices 


© Hybrid systems: digital and analog tech- 


niques 


Tabulation of typical commercial analog 


machines 


ANALOG “COMPUTING” MACHINES are devices that measure the 
analogous relationships between the physical quantities in 
the machine and the quantities of the problem studied. 
Since measurements are obtained as continuous quantities, 
such as the length of a line, the value of a voltage, the 
rotation of a shaft, or the intensity of a light, analog com- 
putation implies continuous computation; in other words, 
the variables appear as continuous or smooth functions. 
One of the oldest analog computing machines—still 
widely used—is the slide rule, which was developed in the 
seventeenth century. A nomogram is, similarly, an analog 
computing machine, since it is a chart on which some 
functional relationship of three or more variables is repre- 
sented in such a way that the values of one variable cor- 


166 


responding to given values of the other variables can be 
determined. It has found many useful applications wherever 
rapid—though not accurate—solutions to complicated func- 
tional relations are required. 

Kelvin’s tide machine, invented in 1876, 1s another ex- 
ample of a useful analog machine for the analysis and 
prediction of the height of tides in various ports. (1)* Van- 
nevar Bush started his work on the first differential analyzer 
at the Massachusetts Institute of Technology in 1927. The 
use of watt-hour meters to integrate electric power absorbed 
by electric circuits was soon abandoned in favor of mechan- 
ical integrators. The machine was improved by the addition 
of servomechanism devices. The mechanical differential 
analyzer is rather slow, but capable of five-significant- 
figure precision. It is fairly accurate, but rather large and 
dificult to program. 

During World War II, many special-purpose electronic 
analog computing devices were built, including those used 
for fire-control equipment and the control of automatic 
machine tools. Components were developed that made the 
subsequent design of general-purpose analog machines pos- 
sible. The most important development was probably the 
voltage operational amplifier with a high gain and input 
impedance and near-zero output impedance. Since the end 
of World War II, analog machines have been greatly im- 
proved both as far as accuracy and simplicity of program- 
ming is concerned. Lately, one of the most significant de- 
velopments has been the use of digital techniques permitting 
digital programming, digital read-in and read-out, and com- 
bined analog-digital computation. 

If we consider its precise definition, the word “computa- 
tion” does not apply to an analog machine at all. An analog 
machine does not compute; it is a laboratory model of a 
physical system whereby, under carefully controlled con- 
ditions, parameters of interest are measured. The sensing 
and display of the measured quantities is continuous. The 
precision, or the number of significant figures available, is 
dependent upon the quality of the components and the out- 
put equipment. (2) 

Since in most analog machines each operation is per- 
formed by a separate unit and all units operate simultane- 
ously, the analog “computation” is a parallel operation 
which makes solutions available almost immediately. This 
is also called the real-time operation, which is an important 
consideration both in the application of analog machines 
in engineering design and in closed-loop control functions. 


° Italic numerals in parentheses refer to Cited References at end ef article. 
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In the former, an engineer may adjust and vary any of the 
design parameters and observe almost simultaneously the 
effect of such variations; in the latter, particularly when 
the control function is complex, the operational system can 
respond speedily. (3) 

Analog machines are usually classified into special-purpose 
and general-purpose machines. Special-purpose analog ma- 
chines are designed to perform very specialized operations 
within a larger system. They are as varied as their applica- 
tions. General-purpose analog machines are usually designed 
for the solution cf a rather broad class of problems; they 
are used in the design and analysis of physical systems. 
Usually such machines are not a part of a specific system 
(although they may be), and are maintained separately in 
a permanent laboratory installation. 

There are two broad categories of general-purpose analog 
machines: direct and indirect. Direct simulators are devices, 
or systems, which establish a physical analogy between the 
simulator and the prototype system under study. This an- 
alogy is recognized by comparing the characteristic equa- 
tions (usually ordinary or partial differential equations) 
which describe the static or transient behavior of the sys- 
tem. (4) If these equations are similar in form, an analogy 
exists. Analog systems are constructed by simulating each 
element in the prototype system by an element whose ex- 
citation and response are similar. The analogous elements 
are interconnected in a manner designed to conserve the 
topological properties of the prototype system. 

Direct analog devices may be either discrete or continuous. 
Discrete analogs are composed of physical elements: for 
example, resistors and capacitors. This type of machine 
is useful in analyzing systems composed of mechanical ele- 
ments governed by ordinary differential equations, and in 
solving finite-diflerence approximations of partial differential 
equations governing continuous fields. Continuous analog 
systems are used to simulate distributed field problems with 
time and space variables, sv that every point in the analog 
simulates a specific point in the prototype. Such simulations 
are used for the solution of problems governed by partial 
differential equations. 

Indirect analog machines are very useful engineering tools 
to perform mathematical operations required to solve equa- 
tions governing the system. These machines employ only 
one dependent variable (for example, voltage) to represent 
all the dependent variables of the prototype. Since this 
device is essentially an equation solver, the method of in- 
terconnecting components is not directly related to the 
topology of the prototype system. Indirect analog machines 
are most important for applications in automation and con- 
trol problems. (5) 


Analog Versus Digital 


At this point it might be well to distinguish between an- 
alog and digital computing machines. A digital computing 
machine computes with discrete numbers (6), and the 
smallest recognizable difference is predetermined. All data 
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must be supplied numerically and processed according to 
the rules of mathematics and formal logic. The digital com- 
puting machine, apart from being capable of performing 
mathematical operations, can store numbers over long 
periods of time, if not permanently. Problems are set up 
for digital computation in a predetermined manner. The solu- 
tion of continuous problems by numerical methods involves 
approximating continuous functions by step functions. (7) 
Analog machines, on the other hand, work with con- 
tinuous variables. Usually, machine variables are constructed 
directly and analogously to the various phenomena of the 
physical system under study. We can summarize this by 
saying that the analog machine is a simulator, whereas the 
digital machine is a computing device in the strictest sense 
of the word “computing.” The question is not “Which is 
better?”, since there are proper applications for each, and 
the best system for many purposes is probably what is now 
called a hybrid system (to be discussed later), which uses 
both analog and digital operations in whatever combination 
is most suited to the problem to be solved. 


Communicating with Analog Machines 


Input. An analog machine must be able to “accept” all 
data required to simulate the excitation and characteristics 
of the prototype system. A complete system of equations, 
as well as necessary graphical or tabular data, which to- 
gether specify the system, must be available. The com- 
plexity of an analog model is governed by the nature of 
the physical system and by the requirements for accuracy. 
The input requirements are the parameters of the system, 
which may remain permanently fixed or may be a function 
either of time or of the dependent variables of the problem. 
Initial conditions, denoting the magnitudes of all dependent 
variables and their derivatives at the beginning of the 
computation, must be among the input requirements. And 
finally, all external excitations, or stimuli, must be capable 
of being inserted. They may be of constant magnitude 
varying with time in a prescribed manner, or of a random 
character. 

Output. The output requirements of analog machines vary 
greatly and depend upon the specific area of utilization. Usu- 
ally, a continuous display is required of the variation of de- 
pendent variables and their derivatives as a function of time, 
or some other independent variable. A display demonstrating 
the effect of varying the number of system parameters is 
needed. Particularly in design problems, the experimental 
determination of an optimum solution requires a systematic 
investigation of the effects of various alternative designs. 
Permanent records of the system response are required as 
output. These may be strip charts, servo-driven potentiom- 
eter records, photographs of the cathode-ray oscilloscope 
display, tables of the measured a-c or d-c voltages, or mere- 
ly indications of the stability or instability of a system 
under specified conditions. 

A truly general-purpose engineering tool must be one 
that can be adapted, without major modification or alteration, 
to any of a large number of problems. In most indirect 
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analog machines the units that control the specific com- 
putation or function are arranged in such a way that they 
can be easily interconnected and utilized as may be required 
by specific applications. Since a great deal of time is 
devoted to setting up and checking the computing system 
before any useful data can be obtained, it is important to 
minimize this effort, and to make the interconnecting and 
adjusting of the analog computing units and sub-units as 
simple and convenient as possible. For this reason, internal 
connection points are usually brought out to a centrally 
located patch bay, and plug-in units and patch boards are 
used to interconnect the terminals. Patch boards are usually 
removable so that they can be programmed, checked, and 
stored separately, thus avoiding tying up the computer in- 
stallation by a single problem and greatly extending the 
usefulness and economy of the system. 


Major Functional Components 

Linear Elements. One of the most important applications 
of electronic analog computing machines is their use for 
the solution of systems of ordinary linear differential equa 
tions with constant coefficients. Consider an equation (4) 
such as 


= d*y 
DG, = £0 (1) 


t=0o 


To solve for the highest-order derivative, this may be re- 
written 


dy f Sam dy 
a ee a, dé 
£-0 

The general method of solution utilizes a procedure of 
repeated integration based upon the form of Eq (2). The 
corresponding analog-computer configuration is shown in 
block-diagram form in Fig. 1. The following steps are 
necessary for the solution: 


1. The independent variable is real time. Assume that a con 
tinuously varying voltage, proportional in amplitude at every in- 
stant to the highest-order derivative, d"y/dt", is generated at the 
output of element S. 

2. The output of element S is connected to the input of the 
integrating element /, which generates an output voltage propor- 
tional to the time integral of the input. In other words, the out- 
put voltage is proportional to d*-y/dr*—., 

3. The output of /; is connected to J, and its output is connected 
to 13, and so on, so that a cascade of n integrating elements is 
formed, each of which generates a voltage that represents one of 
the derivatives of y. 

4. Each output voltage, multiplied by an appropriate constant, 
ax/d», produces a voltage (a:/a,) + (d*y/dt*) at the output of the 
multiplying element. 

5. These voltage are passed through devices to invert the sign; 
in other words, to reverse the polarity. They are introduced into 
the summing element, S. 
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as 


Fig. 2 — Multiplication using a potentiometer. 


<€ 
Fig. 1—Block diagram of analog configuration to solve a 
general ordinary linear differential equation. 


6. Voltage representing a function of time in /(t)/aa is also 
introduced into S. 

7. As indicated in Eq (2), the output of S is the quantity 
d"y/dt", which was originally assumed to be available. 


The configuration of the analog machine is a closed. 
loop system which operates in real time, similar to any 
closed-loop servo system. It generates continuously the 
quantity y and its derivatives. Integrations, multiplications, 
sign inversions, and summations all occur simultaneously, 
and the quantities d*y/dt*, (a,/a,)+(d*y/dt*), y, etc., exist 
simultaneously as continuous voltage waveforms at the 
outputs of the various elements within the machine. 

Equation (1) can be written alternatively as 


See (3) 


Mathematically, any method of solution utilizing the proce- 
dure of repeated differentiation based upon Eq (3) is as 
acceptable as the method described above. This method, 
however, is hardly ever used, because the process of differ- 
entiation, in practice, tends to accentuate the electrical noise, 
and a solution based on differentiation would tend, therefore, 
to be inaccurate. If the noise saturates some element in the 
computing device, a completely incorrect solution would 
result. 

To solve systems of linear, or ordinary, differential equa- 
tions with constant coefficients, elements are required cap- 
able of: 


1. multiplying a voltage by a positive constant coeflicient 

2. inverting the sign of a voltage 

3. generating the sum of two or more voltages 

4. generating the time integral of a voltage. In addition, a device 
to generate an arbitrary function of time is required if non-homo- 
geneous differential equations are to be solved. (Strictly speaking, 
such a device is not a linear element.) (4) 


Multiplication of a Voltage by a Constant Coefficient. 
A voltage may be multiplied by a constant, a, very simply 


by the use of a simple resistive voltage divider, or potentio- 
meter, as in Fig. 2. If a is a mechanical rotation of the arm, 
i.e., if the dial reading provided by the potentiometer is 
perfectly linear, then 


(4) 
where 0 Sa = 1. 

If the potentiometer is not linear, or if it is loaded, the 
arm must be set to provide the proper electrical output 
regardless of the dial reading. This is usually done by 
applying a known voltage, e;, and adjusting the arm for 
the desired voltage, ¢,, as read by an accurate voltmeter 
with a load resistor connected across the output terminals. 
The only important characteristics for a potentiometer set 
in this manner are resolution, freedom from noise, and sta- 
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bility with temperature and age. When a potentiometer is 
dial-set, linearity is most important, since any departure 
from linearity will cause an error in the electrical setting. 
The following load correction is then necessary and must 
be added to the desired electrical setting, a. 
a’ (1 — a) (Rp/R1) : 
‘ (5) 
l+aQl a) (Rp/Ry) 
The dial, therefore, is actually set to a +- ¢. Multiturn 
helical, wirewound potentiometers are usually used to set 
coefficients. Values of Rp range from 10,000 to 100,000 ohms. 
The lower limit is determined by power requirements, and 
the upper limit by considerations of loading and difficulty 
in manufacturing high-resistance elements. 
Summing. The passive summing circuit shown in Fig. 3 
has an output voltage, in the absence of loading, given by 


e > 
R, Ry 


; 


Ce 


Ry 


m1 gmt 


Ry 


kei 


This circuit performs multiplication by a constant, and 
also the operation of summation (5). One of the drawbacks 
of this circuit is the fact that the gain with loading de- 
pends appreciably on the load resistance, R,. This gain 
can be reduced by the use of a small output resistor, R,. 
We shall discuss the more satisfactory method of using 
amplifiers later. 

Integrator. The passive RC integrating circuit shown 
in Fig. 4 has an output voltage, in the absence of loading, 
given by the differential equation 


de, ] 


2° - 0 ¥? 


Equation (7) may be rewritten in Laplace notation as 


EAs) Rs 


i Es) 


l l ryt 


E.(s) RC s ra+1 


Es) 
where + RC, s is the complex frequency variable, and 
E.(s) and E,(s) are the Laplace transforms of the output 
and input voltages, respectively. The circuit shown in Fig. 
4 can be made to approach a true integrator as the time 
constant r, is made very large. Unfortunately, in order to 
obtain large enough time constants, very large and costly 
capacitors are required. 

Sign Inverters and Summers. If all the impedances, 
) a Ae Z,,, are pure resistances, the output voltage 
is the negative sum of the input voltages, each multiplied 
by a constant, which is the ratio of the feedback resistance 
to the particular input resistance. If a single input with 
equal feedback and input resistances is used, the output 
is simply the negative of the input, and the amplifier is 
called a sign inverter. When there is a multiple input, the 
amplifier is called a summing amplifier or summer. Gains 
greater than unity are achieved by choosing an individual 
input resistor smaller than the feedback resistor. In some of 
the available machines, the feedback and input resistors 
are selected and plugged in by the user. In others, the 
feedback and several input resistors are permanently con- 
nected, with gains of 1, 4, 5, and 10 usually provided. Values 
of resistors usually range from 100,000 ohms to 1 megohm. 

The high-gain d-c operational amplifier with feedback is 
the very core of the electronic analog machine. This vacuum- 
tube amplifier can perform the basic linear operations of 
multiplication by a constant, sign inversion, summation, and 
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integration, and also some more complex operations. The 
gain of the amplifier must provide a polarity reversal. This 
gain is called —A in the following equations, which describe 
the circuit operations if no grid current is drawn. Z, is a 
series feedback impedance with current i,. 


e = —Aeg (9) 


iy + b lk = () (10) 
g=1 


Co — CG 


y= Z, (il) 


Ga — eg 
— (12) 
wheek =1,2....,% 


Solving Eqs (9) through (12) for the output voltage re- 
sults in 


L jee, uo Z 
1+Q+Kk)/A\| *2 


n 
Z ; 
12H 
~1+Q4+K)/A 
where 
ni Mee (le 
"2... 


= 
=Z ; 
(Lz, 


The amplifier gain, A, is made very high and therefore 
the denominator of Eq (13) approaches unity; hence, the 
output voltage is very nearly given by 


a om e Zs > Zs + fi 
‘ _ Ck 
Z; Zi, 


k=) 


(14) 


is finite, it should be noted that the 
must be close to zero, or at virtual ground 


Since, in Eq (9), e, 
grid voltage, e,, 
potential. 


Passive summing circuit. 


t 


Passive integrating circuit. 


Fig. 4 





Integrators and Summing Integrotors. By using a capaci- 
tor, C, and a resistor, R, as the input impedance, a very 
nearly perfect integrator may be obtained. The output 
voltage, according to Eq (14) is, in Laplace notation, 


EAs) = — RS Ex{s) (15) 


A comparison of Eq (15) with Eq (8) will show that the 
time constant of this integrator is ideally infinite. The gain 
is finite, and equal to —1/RC. Values of feedback capaci- 
tance from 0.1 to 1.0 microfarad are often used, with input 
resistances ranging from 100,000 ohms to 1 megohm. By 
using multiple input resistors, the sums of integrals may 
be generated with a single amplifier, usually -alled a sum- 
ming integrator. 

Generally, n initial conditions are required to specify 
the solution of a homogeneous nth-order differential equa- 
tion. An initial voltage at the output of an integrator is 
produced by charging the feedback capacitor to the desired 
level prior to the start of computation. This is usually 
accomplished by using an appropriate voltage source, to- 
gether with an auxiliary charging circuit. The charging cir- 
cuit, which consists of a separate input resistor and the 
feedback resistor in shunt with the feedback capacitor, is 
removed as computation starts. 

Scale Factors. The constant relating magnitude of the 
voltage to one unit of the variable is called the amplitude 
scale factor. Every element in the analog machine has a 
scale factor associated with it. Scale factors must be care- 
fully chosen to assure proper operation. The maximum avail- 
able output voltage from an operational amplifier is limited 
by practical considerations to approximately 100 volts. Be- 
fore scale factors are assigned, the maximum magnitude 
of all variables of the problem must be roughly determined, 
and the scale factor for each variable is then chosen in 
such a way that the maximum voltage expected is a sizable 
fraction of the amplifier-limiting level. In this manner, the 
amplifier will never be driven to limiting, yet the output 
voltage will be large compared with the spurious noise or 
drift voltages which are usually unavoidable. If the initial 
scale-factor assignments are wrong, the result will be either 
overloading of one or more amplifiers, or noisy, inaccurate 
solutions. 


Non-linear Elements 


Non-linear operations cannot be simulated by the opera- 
tions of amplifiers and potentiometers alone, but require 
specially-constructed elements. Many devices have been de- 
veloped to perform the multiplication of variable quantities 
in electronic analog machines. The most important of these 
in practical use are the time-division electronic multiplier, 
the “quarter squares” multiplier, and the electromechanical 
servo multiplier. We shall discuss only the multiplication 
of positive and negative numbers in this article. In general, 
an electronic multiplier will have two input voltages, x 
and y. The output will be a voltage proportional to the 
product. 


z = kry (16) 


where k is a positive or negative constant. Four-quadrant 
multipliers are devices which accept plus or minus for both 
x and y and give a product with the correct sign. Two- 
quadrant multipliers permit one variable to change sign, 
but not the other. One-quadrant multipliers can accept one 
sign only for either x or y. A two-quadrant multiplier may 
be used as a four-quadrant device by adding a constant 
voltage to the variable that is not permitted to change sign. 

The basic principle of a time-division electronic multi- 
plier consists of determining the average value of the voltage, 
which consists of a series of modulated rectangular voltage 
pulses. (3,6) The average value of the voltage is 
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ene = (7) 
where ¢ is the height of the pulse, 7, the duration of the 
pulse, and T the period. If one of the input variables is made 
proportional to the pulse height and the other to the ratio 
of pulse duration to cycle time, the average amplitude of 
the rectangular wave will be proportional to the product 
ry, since 

= ke, 7, (18) 
and therefore 
l 
~ yk 
The words “time division” are due to the fact that one of 
the variables is used to control the ratio of on-time to on- 
plus-off time during a cycle. 

A practical time-division multiplier may consist of a 
bistable multivibrator generating a series of gating pulses 
which control two electronic switches. When the switches 
are closed, the input to the integrator consists of e¢, — 
€, + y, where e, and ¢, are reference voltages. Scale factors 
are selected so that a linearly decreasing integrator output 
is produced, with a slope proportional to — (e, Cp + y¥). 
When the integrator output reaches a switching level, ¢), 
of the multivibrator, the switch is open; and with an open 
switch, the integrator input is —e, + y and the output has 
a positive slope proportional to ¢, y, which continues 
to rise until it reaches the multivibrator switching level, ¢, 

The operation of the circuit depends upon the ability to 
maintain the inputs x and y essentially constant over several 
cycles of operation. Therefore, the repetition rate of the 
multivibrator must be considerably higher than the highest 
frequency of inputs. Practical rates range from 1 to 50 ke. 
The accuracy of this sort of multiplier usually ranges from 
0.1 to 1.0 per cent of full scale. Higher accuracy (for ex- 
ample, 0.01 per cent), may be obtained with chopper- 
stabilized amplifiers used for the summing, integrating, and 
output filtering functions, with higher repetition rates, and 
the use of stabilized electronic switches. It should be noted 
that electronic-multiplier accuracies are quoted as per- 
centages of full scale since they generally refer to specific 
error in volts. Therefore, a multiplier with a quoted accuracy 
rate of 0.02 per cent can have a possible error of 0.04 volt. 
This voltage represents the error of 0.02 per cent with 100- 
volt input, but may represent a much greater percentage 
of error if one or both inputs are near zero. Some multipliers 
have a bandwith selector which allows the multiplier to 
obtain maximum accuracy by sacrificing frequency response, 
or vice versa. The bandwidth is thus dependent upon ac- 
curacy in repetition rate. Practical values range from 50 
to 2000 cps. During operation, the repetition rate of a 
multiplier may vary over a ratio of 2:1. High-accuracy mul- 
tipliers using a constant repetition rate have been built. 

Other types of multipliers in use are logarithmic multi- 
pliers, which are really function generators used for mul- 
tiplication by using the rule of the logarithm of the product, 
and 


s=kry, k (19) 


log z-y log z + log y (20) 
and therefore 
z= 2z-y = antilog (log z + log y) (21) 
A dynamometer multiplier is based on the principle of 
operation of the dynamometer type of measuring instrument. 
In this device, the torque, T, acting on the needle is pro- 
portional to the product of two coil currents i, and i,. If 
the angle of displacement is small, a feedback circuit which 
detects shaft motion creates an equal and opposite torque 
to keep the angular displacement small. The overall accuracy 
of this device is within approximately 1 per cent. 
Cross-field multipliers, AM-FM multipliers, step-relay 
multipliers and probability multipliers are also in use. 
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Any multiplier can be used to obtain powers of the input 
variable by successive multiplication. A single servo multi- 
plier can be used to obtain higher powers by applying the 
output of the multiplication across another multiplying 
potentiometer while loading and scale factors are carefully 
observed. Note that the powers of the independent variable, 
time, can be obtained simply by successive integration, since 


of dt =f 


nfe ‘di = (* 


Division. Division can be performed by using multipliers 
in the feedback circuit of a high-gain operational amplifier 
and thus solving the feedback equation of the form 

r+r <0 23) 
so that 
Z 


z= (24) 


y 


Trigonometric Devices. Since many physical problems re- 
quire the use of trigonometric functions to express angular 
variations or to perform coordinate transformations, several 
techniques to obtain the circular functions are used. For 
trigonometric functions of time, the solution of the differ- 
ential equation 


dr 


0 25 
dt . 25) 


yields sine and cosine functions of time with adjustable 
frequency. Stable sine and cosine functions can be obtained 
by including a damping term which corrects for the phase 
shift by adding in a positive or negative damping term. 

Series expansions can be obtained as fairly accurate ap- 
proximations to the trigonometric functions by using the 
first few terms of the series expansions of these functions, 
if their total angular excursion is not too large. Multipliers 
and function generators may be used to obtain the neces- 
sary powers. 


Mechanical Elements 


Mechanical elements represent the oldest forms of auto- 
matic computation. In this method, the dependent and in- 
dependent variables of the problem are represented either 
by linear or angular displacements. Such elements are used 
almost exclusively in special-purpose applications and will 
therefore not be discussed in this article. 


Digital Techniques 


Several methods are used under certain conditions to in- 
corporate digital techniques in analog machines, resulting 
in a considerable extension of their capabilities. 

In the basic analog machine, operational unit discrete 
variable, or digital, number representations may be em- 
ployed rather than the usual continuous variable represen- 
tations. Data entering an analog machine may be in digital 
number form, as, for example, in traffic-control analog 
systems. The generation of arbitrary functions of machine 
variables is often quite difficult, particularly when functions 
of several variables need to be generated. In such cases, 
digital techniques may often be introduced into the analog 
machine to great advantage. For the purpose of automatic 
control of large analog computing installations, complete 
problem setups can be stored on punched tapes, or cards, 
and patch panels. Such digital input has the advantages 
both of saving time and of making the detection of errors 


Analog- 
to- digital 
converter 


Digital 
computing 
machine 


Analog 
computing 
machine 


Converter 
control 


Digital - 
to-analog 
converter 


Fig. 5 — Block diagram of a hybrid system. 


much more possible, thus achieving more efficient and more 
reliable operation of the analog machine. 

The mechanization of analog operational units can be 
based upon the employment of discrete variable representa- 
tion rather than the usual continuous variable representation. 
The discrete representation may be in the form of digital 
numbers or variable pulse repetition rates. Where digital 
number representation is used, the associated machine 
mechanization is referred to as a digital differential analyzer 
(DDA). When variable pulse repetition rate representation 
is used, the associated mechanization is called a digital 
operational computing machine. 


Hybrid Systems 


A combined analog-digital computing system is sometimes 
called a hybrid system. It consists of analog elements in a 
digital computing machine interconnected by transducers 
and simultaneously employed in computation. A typical 
hybrid system may contain (1) a general-purpose digital 
computing machine of medium to high speed; (2) elec- 
tronic analog equipment of low frequency or non-recursive 
type in amounts varying from a few elements to several 
racks of equipment; (3) the transducers, usually electronic 
analog-to-digital and digital-to-analog converters. A block 
diagram of a combined analog-to-digital computing facility 
is shown in Fig. 5. Hybrid systems are used to solve systems 
of differential equations for one or more of the following 
reasons: (1) the equations may exceed the capacity of the 
largest digital computing machine because they require an 
excessive period of computation; (2) they may exceed the 
capacity of the analog computation system, usually because 
more non-linear elements than are available are required; 
and (3) they may require accuracy unobtainable by analog 
techniques. 

One of the great advantages of the hybrid system is the 
possibility of combining the most advantageous properties 
of both the analog and the digital systems. Analog compu- 
tation performs all operations simultaneously, so that prob- 
lem complexity, provided it does not exceed the capacity 
of the available elements, does not prolong the solution time. 
Problem changes are easy by changing plug boards or by 
resetting the potentiometers. Input and output of graphical 
data are simple; however, the output graphical data must 
be manually identified and scaled. The high-speed digital 
computing machine performs computations sequentially and 
the computation time therefore depends upon the com- 
plexity of the problem. The computation time determines 
the highest possible sampling frequency and therefore the 
highest frequency of the system response which can be ac- 
commodated. Even a high-speed digital machine may require 
25 millisec to compute the sine or cosine of six angles. Digi- 
tal machines can, of course, handle logical decisions very 
effectively.(6) The input for digital machines usually con- 
sists of tabular data, and the output may be tabular as 
well as graphical with identification and scales. 





Analog Machine 


1. Manufacturer 


2. Machine name 
3. Machines in use 
On order 
In production 
When available 
In research 
4. Application 
Scientific 
Design engineering 
Business /Other 
Control 
S. Accuracy of numerical 
information 


Applied Dynamics, Inc. 
Ann Arbor, Mich 


Model AD-1 
yes—-12 
| yes 5 
yes 
60 to 120 days delivery 


| 
| 


6. Units for performing math-| 


ematical operations: 
Adders 
Multipliers 
Integrators 
Arbitrary functions 
Branching operations 
Others 


64 per console 
12 per console 
32 per console 
18 per console 
variable and ample 


| diode switching and limiting 


7. Physical variables that can! 32 


be stored at one time 


8. Storage 


9. Operation 

Real-time precision 

Expanded-time 

High-speed 
compressed time 


10. Input-Output 


11. Programming: Automatic 


Time req. for pro. chg 


12. Reliability: Auto. chg 
Typical down-time 


13. Use with other systems 


14. Peripheral equip. req 
Optional 


Expansion potential 


15. Services to user: 
Training 
Maintenance 


16. Power supply 

17. Environmental! req 
Space 
Air conditioning 


18. Cost 
Purchase price 
Monthly rental 


Remarks 


| single-hold on integrators 


0.1 


volt scale accepts any d-c or 


a-c functions; 


integral volt-null meter 
external read-out device 


no 


removable patchboard system 


none 
yes 


to 64 amplifiers per console 


NR 
NR 


120 volts 


| desktop to 10 sq ft 
not required 


$1800 to $25,000 
3.2 of purchase price 


TOT cS 


Deiscor Manufacturing Co 
Tulsa, Oklahoma 


Optical Analog Computer 
yes—-20 
> 


yes 
NR 


yes 
yes 
simulate gravity readings 
NR 


2.0 


NR 
NR 
yes 
NR 
NR 
NR 


currently stores image of 
geological cross section 


cross section drawn to scale 


NR 
NR 


NR 


input-drawing, output 


no 
not specified 


yes 
not specified 


NR 


NR 
NR 


110 volts 


15 sq ft 
not required 


$2750 min 
NR 


DIAN Laboratories, Inc 
New York, N. Y¥ 
DIAN 120 


NR 
NR 


7? 
4 


64 

48 ‘integrator summers 
4to8 

NR 

24 relay amplifiers 


NR 


NR 


no 
15 seconds 


NR 
less than | 


compatible 

recording equipment 
es 

unlimited 

NR 

NR 


NR 


35 eq ft 
not required 


$100,000, approx 


varies with contract period and 


location 


Electronic Associates 
Long Branch, N. J 


PACE TR.-10 


yes -NR 

NR 

yes 

2 to 3 months 
NR 


yes 
yes 
NR 
NR 


linear elements —0.1% 
non-linear clements -0.25° 


comperetors 


none 


NR 

NR 

NR 

strip-chart recorder (O 
a-y plotter (O 


oscilloscope (O 
voltmeter 


none 
plotters, re« orders, scopes 


yes any number comb 
complete available 
training available 


115 volts 


table-top 
not required 


$3950 to $9950 
by arrangement 


19. Special features and 
remarks 


modular design permits ¢x 
pansion and interconnection 
of consoles 


may be used for all integration 


Mechanical 


analog-digital conversion is usually too slow to be valuable 


The available conversion equipment is varied. circuits to switch increments of current into a ladder net 


work which sums the voltage drops and adds to or subtracts 


in a combined system. The electronic analog-digital con- current increments until the output of the latter network 


verters are usually composed of vacuum-tube or transistor equals the input voltage. (8, 9) 
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Electronic Associates, Inc 


Long Branch, N 


PACE 221-R 
| yee-NR 
NR 
yes 
NR 


yes 
yes 
NR 
NR 


computing elements to 0.01° 


27 

30 

18 

12 

NR 

comperators, time delay units,| 
etc. | 


15 to 20 


point storage networks, 
magnetic tape 


NR 
NR 
NR 
strip-chart recorder 


x-y plotter (O 
oscilloscope (O 


OQ) 


no 
15 minutes 


problem check, if desired 
15 minutes per. day 


any #100-volt analog system 


| mone 

| plotters and recorders 
unlimited 
complete available 

| training available 


115 volts 


40 sq ft (min.) 
temp range 70-85 F 


$15,000 to $75,000 
by arrangement 


approx 


Digital-to-analog conversion is much simpler than the 
corresponding conversion from analog to digital. The digital 
number is set up in a register, the bits in the register control 
the switching of current increments into a ladder network, 
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| complete available 


J. 


PACE 231-R 


yes--NR 


| NR 


yes 
NR 


yes 
yes 
NR 
NR 


computing clements to 0.01% 


45 

$0 

30 

20 

NR 

comperators, time delay units, 
ete. 


15 to 20 


point storage networks, 
magnetic tape 


NR 
NR 


NR 


typewriter (O 

punched tape (O 

strip-chart recorder (O 

repetitive operation display(O) 

ADIOS (analog -digital input 
output system 


no 
15 minutes 


auto. problem check 


prev. maint. & check, 15 min 
day 


any *100-volt analog system 


none 
plotters and recorders 


unlimited 





training available 


115 volts 


40 eq ft (min 
temp range 70-85 F 


| $20,000 to 100,000 (approx.) 


by arrangement 


NR 


National Bureau of Standards | 
Washington, D. C. 
| 


Mid-Century (MC-500) Unit 


yes--1 
(not commercially available) 


| 
yes j 
ves 
NR 
NR 


0.1 to 1.0% 
| 


30 | 

il | 

12 | 
2 } 
2 | 

3 resolvers, 12 inverters, 2 noise) 
gen 

12 on integrator amplifier 
outputs 


NR 


NR 
NR 


NR 
6-channel brush recorder | 


x-y plotter (15 X 10 in.) } 
2-pen variplotter (30 X 30 in.) 


NR 
patch bay insertion and manual 
pot reeetting—-to 44 hr 


no 
less than 5 


SEAC (for comb. anal 


sim 


dig. 


none 
NR 


not commercial machine 
not commercial machine 


115 volts 


200 sq ft 
3 tons 


$55,000 to $65,000 


George A. Philbrick, 
Researches, Inc. 
Boston, Mass. 


K-5 Series 


NR 
NR 
yes 
NR 
NR 


variable 
variable 
variable 
1 

2 

NR 


NR 


set-up sheets 


| display system 


“electronic graph paper” 


| none 


avg: 1 sec /digit; 3 sec /inter- 
connection 


no 
no experience 


| compatible 


none 
yes (modular construction) 


yes—great 
NR 
NR 


NR 


24 sq ft 


| not required 


$1400 (min.), $35,000 (avg 


modular design permits 
expansion 


j 
| Donner Scientific Company 
Concord, California 


| Donner 


600 
40 


yes 
ayes 
| yes 
NR 

yes—eeveral types 


yes 
yes 
yes 
NR 


| 0.01% 


varies with model 

as desired 

usually 50% of totel amplifiers 
as desired 

NR 

transport delay generators 


varies with models 


| varies with models 


up to 0.1 
up to 0.1 


dependent upon speed 


NR 


} no 
removable patchboard —fast 


NR 
negligible 
NR 
none 
recorders, dig. voltmeters, 


oscilloscope 
unlimited 


complete—free 
training provided free 


115 volts 


1% sq ft (min. 
not required 


$1200 to $100,000 
by arrangement 


which sums the voltage drops to produce an output propor- 
tional to the number put into the register. 

Digital-to-analog conversion does not require comparisons 
or decisions in order to set the current switches. Instead, 
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Analog Machine Survey 


1. Manufacturer 


2. Machine name 
3. Machines in use 
On order 
In production 
When available 
In research 


4. Application: 
Scientific 
Design engineering 
Business /Other 
Control 


§. Accuracy of numerical information 


6. Units for performing mathematical 
operations: 
Adders 
Multipliers 
Integrators 
Arbitrary functions 
Branching operations 
Others 


7. Physical variables that can be stored 
at one time 


8. Storage 


9. Operation: 
Real-time 
Expanded-time 
High-speed compressed time 


18. Input-Output 


11. Programming: Automatic 
Time req. for pro. chg. 
12. Reliability: Auto. chg. 
Typical down-time 
13. Use with other systems 
14. Peripheral equip. req. 
; J 
Expansion potential 


15. Services to user: 
Training 
Maintenance 

16. Power supply 


17. Environmental! requirements 


Space 

Air conditioning 
18. Cost 
Purchase price 
Monthly rental 
Remarks 


19. Special features and remarks 


NR 


NR 


Reeves Instrument Corp. 
Garden City, N. Y. 


| REAC 


NR 
NR 
NR 


yes 


| yes 


NR 
NR 


0.01% to 0.005% 


NR 
NR 
NR 


plotting boards 


| tape 
| curve followers 


recorders 


NR 
fast 


yes 
2% 


digital equipment 


| NR 


NR 
unlimited 


| NR 


NR 


| NR 


variable 
varies with size 


$7000 (min 
NR 


Schoppe & Facser G.m.b.H. 


| Minden, Germany 


| R4 
NR 
| NR 
| NR 
| NR 
| pilot model in use 


adding integretors) 
none 
for 3 inputs—12 
| mone 
none 
several 


NR 
NR 
NR 


voltage step of 30 volts 
cathode-ray tube 


cable connections 
depending upon program 


not necessary 
less then 1°; 


no 


none 
none 
machines may be intercon 


complete training available 
| by manufacturer, evailable 


220 volts 


| 15 0q ft 
} not required 


| 120,000 DM (approx. 
| NR 


Societe d'Electronique et 

| d'Automatisme 
Courbevoie, France 
OMEL 2 

yes 85 

yes—10 

yee—10 

NR 

yes 


| yes (also pedagogic sim.) 
| yes 

yes 
| yes 


|; 0.001% 


as desired by user 
as desired by user 
as desired by user 
| as desired by user 
as desired by user 
| as desired by user 


| all 


0.001 
0.001", 
0.001", 


a-y recorder 
digital voltmeter 
pronter 


| patchpenc! 
NR 


yes 
NR 


| digital comp. machine 


none 
recorders, noise generator 
great 


complete training available 
none required 


220 volts 


55 eq ft 
not required 


NR 
NR 


sampling type of analog-to-digital converter, it is possible 
to read numbers out at any time between conversion, once 
the current switches are set. Buffering action of the free- 
running converter is obtained by stopping the decision 
pulses so that the converter no longer follows the inverter. 
When the number has been transferred from the buffer, 


the switches are set to agree with the bits of the number 
in the register. Switches are set simultaneously rather than 
sequentially, and conversion from digital to analog is there- 
fore much faster than from analog to digital. 

The construction of electronic analog-to-digital and digital- 
to-analog converters includes buffering action. With the 
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subsequent conversion must be delayed until the free- 
running converter has had time to catch up to the input 
voltage. In the same way, the digital-to-analog converter can 
accept the number at any time for conversion; once the 
current switches are set, the analog output will hold constant 
while the register accepts another number for subsequent 
conversion. 

In hybrid systems, the digital computing machine accepts 
inputs from the analog machine and computes results which 
are transmitted back to the analog machine. The time in- 
terval between two successive transfers of the same output 
variable to the analog machine is called the cycle time. 
The time interval between accepting data and delivering 
results is called the delay time. Since, in most digital com- 
puting machines, the time required to complete a program 
varies from computation to computation (because the exe- 
cution time of operations—such as multiplication—depends 
upon the magnitudes of the numbers used), the variation in 
computation time can amount to + 10 per cent, or even more. 
If all conversions from analog-to-digital or digital-to-analog 
were initiated under program control, these variations in 
program execution time would produce corresponding varia- 
tions in the cycle time and delay times for each computation. 

Variations in cycle time produce effects different from 
the system under the simulation, and the net effect on the 
simulation process is difficult to estimate in assessing the 
value of the simulation studies. This problem can be elimin- 
ated by reducing the simulation time scale by 10 per cent 
and inserting sufficient idle time in the digital program to 
pad up each computation to a fixed length. To do this 
easily, the digital computing machine must provide inter- 
locks with its input-output buffer. Many of the commercially 
available digital computing machines either provide, or 
may be modified to provide, an interlock in-out register 
which, essentially, holds the digital computation if attempts 
are made to read data from the in-out register before such 
data are available in the register. Interlocks are released 
as soon as data are available in the register, at which time 
computation is resumed. 

The cycle time limits the highest-frequency component 
of the response which the digital computing machine pro- 
gram can faithfully reproduce Delay time represents a 
transport lag in the loop through the digital computing 
machine. In general, such a lag has a de-stabilizing effect 
on the system. Both cycle time and delay time are deter- 
mined by the execution time of digital computing programs. 
It is important to eliminate as many non-arithmetic instruc- 
tions as possible from the program so that cycle and delay 
times may be minimized. For this reason, the conversion 
equipment must require a minimum of control from the 
digital computing program. The control of the program 
should supply simple directions so that valuable computing- 
machine time is not lost in setting up data transfers. (10) 

Hybrid systems are very valuable for the solution of 
design-engineering problems which require the solution of 
linear and non-linear differential equations of a high order 
with complex non-linear coefficients and with both high- 
and low-frequency effects in system response. Hybrid sys- 
tems are also of great advantage in a highly complex 
control-system situation containing discrete as well as con- 
tinuous elements and requiring an accuracy of 0.1 per cent, 
or better, in the solution. Computations requiring graphical 
and tabular input data and producing graphical and tabular 
results are best solved on hybrid systems. 


Summary 


Many recent developments in analog-machine design have 
substantially increased the versatility and speed of analog 
machines. Among the very important recent developments 
are the automatic repetitive operation and the development 
of high-speed storage devices with a tracking error of less 
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than 10 microsec. With repetitive operation and the simul- 
taneous solution of large matrices of ordinary differential 
equations at speeds of 60 cps, the analog machines can 
solve such equations at great speed. In general, the more 
complex a problem, the more analog equipment is required 
for its solution. However, the increase in solution time is 
less serious in an analog machine with storage than it has 
been with more conventional systems. The development of 
high-speed analog storage systems has also made sequential 
calculation possible. Such applications have been very im- 
portant in process control. Oooo 
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DESIGN Trends 


Edited by Arnotp E. Rupant, Associate Editor 


Determining Power-Transformer Stack Height 


A. E. HOCHSTEIN, Engineer 
Tue Strrone Execrraic Corp. 
Toledo, Ohio 


WHILE IT IS POSSIBLE to perform re- 
petitive transformer calculations with 
tabulated data and graphic aids, it is 
sometimes difficult to adapt this method 
to a particular design. A method has 
been devised which reduces the number 
of graphs or tables necessary. 

The most common limitation in 
transformer design is the choice of 
the lamination from a limited variety 
of standard types available. This limita- 
tion is usually economic rather than 
technical; even experienced designers 
often work by trial and error until a 
design is found which is compatible 
both from material and_ electrical 
standpoints. 

The first step is the preliminary 
computation of stack height of the 
transformer when the input power ?, 
frequency f, the primary voltage E and 
the lamination type are given. The total 
window area is filled by N, times the 
area of the primary wire plus NV, times 
the area of the secondary wire. The 
sum of these two terms is smaller than 
the total window area and must be 
multiplied by a factor K, to account 
for the insulation used: 


W = (Nd + NAGY K: 1) 
where 
Ww 
N, 
N:; 
d, 
d; 
K,; 


window area 

number of primary turns 
number of secondary turns 
diameter of primary wire 
diameter of secondary wire 
insulation factor (<1.00) 


ooudogn 


For highest efficiency, the window area 
should be used fully. Therefore, Eq (1) 
can also be written: 
W =[N,(d,)(m) + Nd, — m)| K, (2) 
where 
m = per cent of window area of pri: 
ary divided by 100 


d, and d., are deter- 
mined by the primary and secondary 
currents I, and /,: 


The wire sizes, 


(3) 


Fig. 1— Typical family of curves repre- 
senting three different values of current 
density for a single transformer lamina- 
tion type. 


KCCI 


UN x) 


nal oreo of ron cor 


f O given frequency 


Fig. 2—Family of curves representing 
various flux densities, B. 


and 


where 
P = input power in va 
E, = primary voltage 
E, = secondary voltage 


From Eqs (3) and (4) and the rela 
tion 


&? x 
7 (isp) (5) 


where i,, == current density in amp/- 


the wire size is obtained. By 
in Eqs (3) and 


unit area, 
substituting Eq (5) 
(4), we obtain: 


at ai ee (6) 


Evrte, 


4P 
3 «= 7 
d; Ew ( ) 


Substituting Eqs (6) and (7) in Eq 
(2) for window area: 


. > - | 
W = |e a i) + N24? ( ™| (8) 
i7 


| hes 
However, since: 


E, 


Eq ‘8) reduces to: 


W = ( al \ 4p ) K, 9) 
By Tlep 


The turns-per-volt ratio is determined 
through: 


N; 10° 
E, ” TUBA, 
where 
B = flux density 
J = frequency 
K, = stacking factor of lamination 
Ay cross-sectional area of iron core 
For convenience, let 


10° 


4.44 BR, (10) 


and then Eq (10) can be written for 
a given flux density, frequency and 
lamination stacking factor as: 


Ni - a 
Ey A 


(11) in 


Ww =-2 ( ‘iP ) K, 12) 
Ag \ rlep 


As lamination type and therefore win- 
given, Eq (12) can be 
reduced to an expression in terms of 
stack height h: 


P i M5 ‘) 
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Substitution of Eq 
gives: 


dow size is 





4dK, ; 
or he ( ens) | 


where 


a = tongue width 
a = expression in Hq (10) 

Equation (13) may be represented 
in graphical form as a family of 
straight lines through the origin with 
P (input power in va) as ordinate and 
h (stack height) as abscissa (Fig. 1). 
This graph becomes a useful shortcut 
once transformer parameters have been 
calculated for a specific current den- 
sity: any other transformer, with iden- 
tical current density (and hence class 
of operation) wound for the same fre- 
quency on the same type of lamination, 
will have a stack height proportional 


to its input power rating. 

A second graph (Fig. 2), plotted on 
log-log paper, with turns/volt at a 
given frequency vs cross-sectional area 
of the iron core, serves as a second 
design aid. In this case, a family of 
straight lines with a slope of —1 may 
be drawn representing flux density B. 
Once one point has been calculated for 
the chosen conditions, a line may be 
drawn which is valid for all trans- 
former sizes of similar frequency and 
inductance. These two graphs can take 
much of the time-consuming work out 
of repetitive transformer computations. 


Short-cut Transformer Calculation 


Resistances for any length of non- 
standard rectangular magnet wire in 


Compact Thermostat for Appliances 


Hypravic, snap-acting thermostat, 
Model G-l, for the appliance field 
(Fig. 1), has a “mechanical orr” fea- 
ture which provides a cam-actuated 
circuit opening at the orr dial position 
and permits the operating range to 
start at a point only 20 rotational de- 


Fig. 1— Wilcolator Model G-1 Thermo- 
stat. Model G-2 is identical in external 
appearance, with only interior contact 
arrangement altered. 


grees from orr. This model, for heat- 
ing applications, has SPST contacts 
which break on an increase in tempera- 
ture. 

On the G-2 air-conditioner control 
model, contact action is reversed to 
break the controlled circuit on a de- 
crease of the monitored temperature. 
In this model, the “mechanical orr” 
feature becomes a “mechanical on” 
which provides a constant-cool posi- 
tion, keeping the compressor contacts 
closed regardless of temperature. 

The compact thermostat is 2'e¢ in. 
long, including screw terminals, 12% 
wide and 1%e in. deep, excluding dial 
shaft. The Type G can be supplied for 
any range between —10 and +600 F 
with factory-set differentials as low as 
1.8 per cent of the thermostat’s useful 
range. 

Construction of Model G-1, with 
contacts which break on temperature 
rise, is shown in Fig. 2. The hydraulic 
sensing element of the thermostat is 
connected to a high force-gradient dia- 
phragm which operates a snap-action 
switching mechanism. A _lost-motion 


D-C Summation Meter Has Five Circuits 


Cc. B. STEGNER 

Weston Instruments Division 
Daystraom, INconroraTeD 
Newark, N. J. 


A SCALE INDICATION which is propor- 
tional to the sum of the millivolt sig- 
nals applied to one or more of the five 
internal meter circuits is obtained by 
the switchboard instrument shown in 
Fig. 1. The d-c summation meter con- 
tains a l-in. Cormag (R) mechanism 
with five independent windings on the 
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Each of the five circuits 
is approximately 50 ohms and 1 ma 
flowing through any circuit will pro- 
duce full-scale deflection. The meter 
has a full-scale deflection angle of 86 
deg and a scale length equal to 3.5 in. 
For the original application, each of 


movable coil. 


any size may be determined by a sim- 
ple slide-rule calculation and without 
recourse to wire tables. 

The index of the reciprocal scale 
“CI” is set to 81.2 ohms (resistance of 
1000 ft of copper wire of 100 square- 
mil area) on the “D” scale. Now, by 
setting the cursor to any desired 
square-mil value on the reciprocal 
scale, the resistance value in ohms per 
1000 ft of this wire may be read on 
the “D” scale. This resistance value 
may be multiplied or divided to find 
the resistance for any length of this 
wire. 

Of course the method works equally 
well in circular mil or square mm 
(mm?), or for any material. ooo 


Diaphragm Snap - action mechanism 
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Fig. 2 — Cross-sectional view of thermo- 
stat G-l with contacts which break on 
temperature rise. 


contact structure, with wiping action, 
absorbs contact bounce when the 
switch makes. Contact rating of this 
device is 250 volts a-c at 30 amp, non- 
inductive. ooo 


Source: The Wilcolator Company, 1003 
Newark Ave., Elizabeth, N. J. 


=»>> 
Fig. 1 — Front view of panel meter with 
l-ma full-scale reading for each of five 
independent summing circuits. 
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the circuits was externally adjusted to 
50 millivolts. A damping factor of 100 
exists with all circuits connected. The 
damping factor, being a function of 
the number of circuits energized, will 
decrease if less than five circuits are 
used. Response time of the instrument 
for 99.8 per cent of full-scale deflec- 
tion is in the order of 1.5 sec. Basic 
accuracy is 2 per cent of full scale. 

Calibration of the instrument is per- 
formed on one circuit and the other 
circuits will track within 1 per cent 
of full scale for this calibration. The 
summation meter is capable of with- 
standing a dielectric test voltage of 
5 volts between circuits and 2600 volts, 
60-cps rms between mechanism and 
case, mounting hardware and zero cor- 
rector. 

The mechanism of the meter, as 
shown in Fig. 2, is the 1.0-in. Cormag 
(R) mechanism used with Weston 
portable and laboratory standard in- 
struments. This mechanism is a perma- 
nent-magnet pivoted movable-coil de- 
sign consisting of an alnico magnet, 
soft-iron pole pieces and a return path 
or yoke of soft iron. 


The magnetic shielding property of 
the mechanism is significant. A 50- 
oersted field, which may be obtained 
16 in. away from a 10,000-amp con- 
ductor, would produce a transient error 
of less than 0.7 per cent measured on 
the self-shielded mechanism, while the 
permanent error would be negligible. 

The movable element of the mecha- 
nism includes a multiple-circuit coil, 
two extended pivot bases, pointer and 
ten control springs. The movable coil 
is frameless and contains five inde- 
pendent windings of aluminum wire, 
each insulated to serve as one of the 
instrument circuits. A frameless coil, 
although more difficult to 
was necessary to provide a satisfactory 


fabricate, 


Low external resist- 
ance of the millivolt circuits and the 
damping produced by all five circuits 
would result 
damped 


damping factor. 


in an extremely 
instrument if the 
were wound on a frame. 
wire was specified 
copper winding would increase the 
movable coil weight, thereby decreas- 


over- 
windings 
Aluminum 


since a_ similar 


ing the torque-to-weight ratio of the 
movable element and increasing the 
pivot friction of the instrument to an 
undesirable level. 

The coil is progressively wound and 
insulation is applied between wind- 
ings. All spring terminals of the con- 
trol springs are extended to allow the 


leads of the movable coil to be con- 


Thermoelectric Power Converter 


Cc. J. HUBBARD 

Research Department 

Argporne INstrumMENTS Lasoratory 
Division of Cutler-Hammer 


Deer Park, N. Y. 


—Exhoust tube 


Cutaway view of thermoelectric power 
converter. 
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THE THERMOELECTRIC power converter 
is designed to provide low values of 
d-c voltage, of the order of tenths of a 
volt, with a source impedance in the 
milliohm region. As such, it is uniquely 
suited as a power supply for two very 
promising electronic devices that have 
recently been developed. These are the 
Esaki diode, also called the tunnel 
diode, and the thermoelectric cooling 
unit designed for spot cooling of criti- 
cal electronic 
transistors). 


components (such as 
The Esaki diodes require a bias of 
approximately 0.1 volt, which for sta- 
bility must be derived from a source 
whose internal impedance is substan- 
tially less than the negative resistance 
of the diode. Commercially available 
units have negative resistances between 
10 and 100 ohms (a figure likely to be 
reduced in the future). If it is desired 
to operate a number of these from a 
single power supply, for example in 
computer applications, it is necessary 
to have a very-low-impedance power 
supply. An additional requirement im- 
posed by the Esaki diode on such a 
supply is that it be ripple-free. 


MOVEABLE COM 
| 


CORE MAGNET 


Fig. 2 Weston meter with control 
springs, wiring and magnetic structure 
of the front portion visible in an ex- 


ploded view. 


nected without interfering with con 


volutions of the springs. A 
rector abutment on the top bridge is 


directly 


7erTe-cor 


connected to the top spring 
To obtain the proper amount of zero 
correction, this spring has a restoring 
torque 33 per cent greater than that of 
the sum of the other springs and 
twelve times that of the torque of each 
of the other springs. O° 


Reducing the source impedance of a 
conventional rectifier power supply by 
the obvious technique of placing a 
shunt (bleeder) resistance across the 
output is extremely wasteful of both 
space and power. For example, if 125 
millivolts were required at a source 
impedance of 25 milliohms, the recti- 
fier/filter must provide 
bleeder current. A typical metallic 
rectifier supply might have a 
source impedance of the order of 1 


5 amperes of 


power 


ohm. Under these operating conditions, 
25 watts would be dissipated in the 
internal resistance of the rectifier/fil 
ter combination, while the power avail 
able for the load would be 0.16 watt. 
Thus, the efficiency of the bleeder ar 
rangement would be approximately 0.6 
per cent under the most favorable load 
conditions. 

The thermoelectric spot-cooling units 
mentioned above do not require a low 
impedance power supply as a neces 
sary condition for operation; however, 
they present a load impedance mea 
sured in milliohms. The impedance mis- 
match that occurs when one of these is 
powered by a conventional d-c supply 
yields an efficiency of the order of one 
per cent. In any 


application where 
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POWER SUPPLY-WISE 
KEPCO’S “SM GROUP” 
sets a new transistor: 
ized design standard 


These 15 new transistorized voltage regulated power supplies recon- 
(| bY () (M 7 nce cile ruggedness and wide power capability (without mag-amps) with 
excellent ripple reduction, regulation, and negligible transient 


response characteristics. 


. ele Unique “fail-proof” design inherently protects series “‘pass” tran- 
( 6 (2 | | sistors from damaging overloads (dissipation requirements of pass 
elements actually reduced under high load demand or short circuit). 


New sophisticated circuit simplicity permits greater reduction in 
' ” ; size (without “shoehorn” techniques). Five wide voltage ranges, 
176 S in three panel height groups scaled to popular power requirements. 


All models standard rack width 19”, depth 13”. 


DC DC 
OUTPUT |OUTPUT PANEL 
VOLTS | AMPS. HEIGHT 


MODEL 


| 

$M 14-30 | 014 | 030 
SM 36-15 [036 | 015 
SM 75-8 | 075 | 08 
SM 160-4 | 0-160 04 


SM 325-2 0-325 - 02 


SM 14-15 | 0-14 0-15 papepreny 
SM 36-10 | 036 | 010. 0.1% | | 
SM 75-5 i 0. 1 | 0- a - 

SM 325-1 | 0 325 0 1 1 My. a | 

SM 14-7 | 0-14 | 0.7 | Model SM325-1M 
SM 36-5 | 036 05 
SM75-2. | 0-75 0-2 
SM 160-1 | 0-160 | Ol 
SM 325-0.5| 0-325 005 


M . 
INPUT REQUIREMENTS FOR ALL MODELS: 105-125 VAC, 60+ cps ode! SM36-5M 
METERS OPTIONAL: Mode! Nos. |isted In table are for unmetered units 


To specify metered units, add ''M" to Model No. (e.g. SM 14-30M) FOR DETAILED SPECIFICATIONS ON MORE 


* 0.01% REGULATION MODELS AVAILABLE ON SPECIAL ORDER THAN 150 or an pe aeaecanae mae 


ke Pcoe. 131-34 SANFORD AVENUE + FLUSHING 52, N. Y. - IN 1-7000 - TWX NY 4-5196 


inc 


VISIT US AT BOOTHS 121-122 « NEREM SHOW « NOVEMBER 15-17 *« BOSTON 
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spot cooling is necessary, ambient tem- 
perature would be very critical and the 
waste heat associated with such a low 
efficiency would surely be very serious. 

The thermoelectric power converter, 
shown in the accompanying illustra- 
tion, provides voltages of the correct 
value for operation of the Esaki diode 
and the single-stage thermoelectric 
cooler. At the time, the low 
source impedance of this novel power 
supply allows both the above devices 
to be operated with considerably 
greater efficiencies than is attainable 
with conventional supplies. In addition, 
the output is inherently ripple-free, a 
condition of extreme importance for 
Esaki diode applications. Ripple filter- 
ing by conventional means, at imped 


same 


ance levels in the milliohm region, is 
rendered extremely difficult due to the 
large value of capacity required. 

The thermoelectric power converter 
of a semiconductor thermo- 
couple whose hot junction tempera- 
ture is maintained by a small a-c 
heater similar to that used in a vacuum 
tube. Utilizing the recently developed 
compound thermo-ele- 
ments, it is possible to obtain several 
hundred millivolts from a single cou 
piece of n-type 


consists 


semiconductor 


ple, consisting of a 
material and a piece of p-type mate 
rial, across which a temperature dif- 
ference of several hundred degrees C is 
maintained. Using elements of conven- 
ient size, the source impedance of such 
a couple is measured in milliohms 
Since the materials have been devel 
oped to have exceedingly low lattice 
thermal conductivities, there is only a 
small flow of heat through the ele 
ments. Therefore, the efficiency of 
these devices as energy converters is 
not unfavorable. 

The unit shown, which measures 2 
in. in diam by 3 in. in height, is de- 


signed to supply up to 0.25 volt, at a 


Miniature D-C Motor Has Non-Ferrous Rotor 


RICHARD KAVANAUGH 
A. W. Haypon Co. 
Waterbury, Connecticut 


A REVERSIBLE MOTOR features an alumi- 
num support ring or cage on which the 
copper for the low-inertia rotor is 
wound. This provides excellent ele: 
trical damping characteristics which 
minimize speed fluctuations due to 
variations in applied loading. Accord 
ing to company engineers, the alumi 
num cage also provides a certain de 
gree of speed regulation during extreme 
changes in ambient temperature. The 
aluminum cage normally carries a rela- 
tively constant eddy-current load, but 
as the ambient temperature decreases, 
the tendency of the motor speed to in- 


permanent mognet 


Magnetic “U" cores 


ABS 
plastic 


-ladding 


Mylar insuiotion Contoct spring Laminate 


Bar pallodiurn contact 


crease due to reduced copper resist 
ance is offset by increased eddy-current 
drag in the rotor cage, thus providing 
an appreciable degree of temperature 
compensation. For example, speed tol 
erances of +10 per cent can be main 
tained at rated voltage, which may be 
any value from 4.5 to 30 volts d-c for 
standard motors. 


Model 14100 


than 1 in. in diameter, are 1%% in. long, 


motors measure less 
and weigh 2 oz. Life expectancy is 1000 


hr minimum at either continuous or 
intermittent duty over temperatures 
54 to -+-85 C. Rotor inertia is 
Electric strength is 500 volts 


60 cps for 1 min. 


trom 


5 gm-cm. 


Applications include data recorders, 
repeat cycle timera, time-delay relays 


and driving potentiometers. 


source impedance of approximately 20 
milliohms. The method of construction 
is apparent from the illustration. The 
hot junction is supported by the thermo- 
elements in a 
which eliminates extraneous heat 
losses. The cold junctions are main- 
tained in intimate thermal contact with 
the outer which heat is 
dissipated by convection to the atmo- 
sphere. Under normal operating condi 
tions, the case temperature is 95 F in 
still air. 


sandwich arrangement 


case, from 


The output voltage can be varied 
from zero to the maximum value by 
adjusting the a-c voltage applied to the 
heater, which can be supplied by a 
small filament transformer. The effi- 
ciency, when operating into a matched 
load, is approximately five per cent 
While this figure is not high in itself, 
it is very favorable when compared to 
obtained when Esaki 
thermoelectric coolers are 
from 
power supplies. Small size and long 


the efhziency 
diodes or 
rectiher 


operated conventional 


life expectation are other attributes 
that make the 


converter attractive 


thermoelectric power 


Haydon reversible d-c motor with alu- 
minum rotor-cage design provides speed 
regulation for wide ambienttemperature 


variations. 


Permanent-Magnet Relay Uses No Springs 


“PrinTAct” relay uses the combination 
of a 
coil, thus needing no springs for snap 


permanent magnet and a relay 


<-« 


Fig. 1—Crosssectional view of mounted 
“Printact” relay in non-energized posi- 
tion. Note that the electrical-steel arma- 
ture, Mylar sheet insulation, 
springs and plastic molding are a single 
assembly which requires no pivot pin; 
only the attraction of the ceramic mag- 
net is needed to hold it in place. 


contact 


action operation. Normally, the arma 
ture of the printed-circuit relay is held 
against one leg of the lt shaped core 
Me-in-thick ceramic 


magnet. Energizing the relay coil gen- 


structure by the 


erates flux which opposes that of the 
permanent magnet and the armature 
is operated to its other position 

Figure 1 shows the magnetic struc- 
ture of the relay. Upon application of 
voltage to the coil, the right end of the 


armature is attracted to the nearby | 
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new opportunities for applying the stepping relay princi- 
ple over a far wider range than ever before. 


1. High Contact Rating. 3 amps resistive, 1 amp in- 
ductive (50% P.F.) made possible by contactor action, 
dual make-break, positive circuit isolation contact 
mechanism. A revolutionary development, the Roto- 

Model Trains—Planes mite stepper eliminates wiping contacts, bridged cir- 
cuits and, in most applications, slave relays. 

. Continuous Duty—from 3 to 230 v.d.c. 

Vending Controls . Production line design —completely metal clad— 
; needs no special protection on the line. Shrugs off 

Automated Devices impacts of careless handling and is also unaffected 
by dust or metal particles. 

. Continuous rotation—up to 30 steps per second. 
Sorting Devices No reset in present production items which include: 

D.C. continuous duty; A.C. intermittent duty; A.C. 

Many additional continuous duty now in development stage. 

applications . Life: Well in excess of 1,000,000 operations. 

. Size: 2” long and 1%" in diameter. Weight: approx. 
4 oz. Cost? Incredibly low! Write on your business 
letterhead for quick sample service and detailed 
information about the ‘‘Rotomite’’ midget stepper. 


Business Machines 


Computers 


Lighting Controls 


Counting Devices 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 


1852-M W. CARROLL AVENUE “Everything Under Control” CHICAGO 7, ILLINOIS 
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core leg. When de-energized, the arma- 
ture returns to its former position, be- 
ing restored by the ceramic magnet. 
Figure 2 is an exploded view of the 
relay, its retainer and the printed-cir- 
cuit board on which the relay is 
mounted. This type of mounting leads 
to the “elimination” of fixed relay con- 
tacts: the configuration of the conduc- 
tors on the printed-circuit board itself 
provides the proper switching arrange- 
ment. Other typical conductor configu- 
rations are illustrated in Fig. 3. 
“Printact” relays are presently of- 
fered for typical coil voltages of 6, 12 


gum atererrrrs 


Fig. 2—Complete relay assembly and 
printed-circuit board with three-pole, 
doublethrow configuration. Fewer poles 
require correspondingly fewer beryllium- 
copper contact springs. 


and 24 volts d-c, with a 300-mw power 
consumption at rated voltage. Palladi- 
um contacts are rated for 5 million 
dry-circuit operations, minimum; of 
100,000 operations at 2.0 amp resistive; 
both figures at 24 volts d-c. Preferred 
printed-circuit conductor material is 
2-oz copper, 0.0028-in. thick, with con 
tact areas rhodium-plated over nickel 
Operate time is 10 millisec at rated 
voltage. Weight, 0.8 oz; size, 7x %& 
x “Me in. O00 


Source Executone, In ae 
Div., 47-37 Austell Place, Long Island 
Gok, BT 


Components 


' 
i 
' 
! 
' 
' 
' 
' 
/ 


NO*eNC 


Fig. 3 


DPOT 


Five additional possible printed-circuit board layouts for various contact 


arrangements. At the lower right corner is the relay armature contact-spring arrange- 


ment for three-pole operation. 


Electromechanical Clutch 


Has under 7-Millisec Operating Cycle 


FoR PHOTOGRAPHING randomly occur- 
ring events, the National Bureau of 
Standards has developed an intermit- 
tent-drive clutch for extremely fast film 
advance. In this case, the random 
events are sferic waveforms generated 
by lightning discharges and displayed 
on an oscilloscope. Continuous opera- 
tion of the waveform-recording camera 
would consume an excessive amount of 
film, so each frame is exposed only 
when the camera is triggered by the 
event to be photographed 


182 


Figure 1 shows the constantly run 
ning drive motor with flywheel, the 
clutch assembly and film-driving roller. 
When a 35-kw peak-power pulse, trig- 
gered by the signal, is applied to the 
clutch-actuating coil, the coil drives a 
conical clutch into engagement with 
the rotating flywheel. Clutch action may 
be likened to that of an electrodynamic 
loudspeaker: the electromagnet corres- 
ponds to the speaker field coil and the 
actuating coil to the voice coil—the 
“voice coil” driving a clutch cone in- 


3P armature arrangement 


Ceramic PM U-shaped core 


Armoture pivot Coil 
point 


om 
ok ~ 
— ie i’ 
7 on 7 ee 
/ One of three 
Armature structure contact springs 


SPOT pottern 


stead of a parchment cone. The film 
advancing roller revolves only when the 
conical clutch is engaged with the fly 
wheel. 

De-energizing the actuating coil al 
lows the tension spring to restore the 
coil (and the conical clutch shaft) to 
its normal] position in the electromagnet 
air gap, simultaneously halting rotation 
of the film-driving roller by 
the clutch against the nylon brake 


forcing 


Close control of pulse length assures 
that exactly one frame of film will be 
advanced each time the pulse is trig 
gered by the event to be recorded. 
Energizing pulses may be reported 
at intervals as short as several milli 
seconds due to the arrangement of 
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CORNISH DEVELOPMENT ENGINEERING 
HELPS SOLVE CUSTOMER DESIGN PROBLEMS 


CUSTOMER: BELL & HOWELL 

This particular design project involved three phases. The initial problem, 
find a compact receptacle embodying these requirements: one never need- 
ing replacement, easy to mount and wire internally in the projector, suitable 
as a 4 conductor outlet. The second, prove out the cable construction suggested 
by Bell & Howell. Cornish at this step made sample wire runs, testing them 
in accordance with the customer’s requirements. The final step was the 
design of a male plug molded to the wire and mated with the female socket. 
Working closely with the customer, Cornish tackled these problems step-by- 
step, delivering a unit that met the high standard of quality required by 
Bell & Howell. This is one example of the Cornish/customer engineering 
team at work. Cornish engineers are available to discuss your particular 
product design requirements with you. We would appreciate the opportunity. 


PROJECT: POWER SUPPLY CORD FOR REMOTE CONTROL SLIDE >ROJECTOR 


Bell & Howell 


CORNISH WIRE COMPANY, 50 CHURCH STREET, NEW YORK 7, NEW YORK __ 
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capacitors and thyratrons (Fig. 2). 
This allows a cycling time, for one 
filming operation, of 7 millisec. The 88 
uf capacitor is discharged through the 
camera-actuating coil by the second 
thyratron and, after a short time delay, 
recharged from the 1600 yf capacitor 
by the first thyratron. With this circuit, 
at maximum duty cycle, the power sup- 
ply is called upon only to deliver an 
average current sufficient to keep the 
1600 pf capacitor charged. O00 


Fig. 1 


DRIVE MOTOR 

FLYWHEEL HOUSING (cut-owoy ) 
FLYWHEEL 

NYLON INSERT (drive element ) 
DRIVING ELEMENT 


< = 


High-speed clutch used with intermittent-action camera. 


"| CLUTCH AND BRAKE | 


NYLON INSERT ( braking element ) 
ACTUATING COIL 
ELECTROMAGNE T 

TENSION SPRING 

FILM DRIVING ROLLER 


Fig. 2—Camera-control circuit in block-diagram form and schematic of pulse generat- 
ing with charging circuit for operation of clutch 


Torque Tester Uses Air-Supported Bearing 


Forty To Firty pounds of air pressure 
provides air suspension for the sup- 
port bearing and consequently ex- 
tremely low friction in Model 67-M2 
torque tester. Torque levels far lower 
than those measurable with conven- 
tional equipment can be determined 
with accuracy by this precision tester 
for measuring static and dynamic 
characteristics of gyros, ball bearings, 
torsion wires, dampers, etc. 

In addition to low friction, the air 
bearing offers stiff support in both 
lateral and axial directions. Lateral 
stiffness gm/microin., axial 
stiffness is 1.0 gm/microin., while re- 
sidual friction and uncertainty torque 


is 1.25 


Fig. | 
air-suspended shaft. 


Torque tester with levels and leveling screws features 


of the air bearing are less than 10 

dyne cm and 0.05 dyne cm, 

tively. 
Measurements of 


respec . 


torque are ac- 
complished by summing torque about 
the air-supported vertical shaft. Micro- 
syn elements are used as both angle 
readout and restraint. The 
Microsyn torquer and Weston Induc 
tronic Product Resolver primary wind- 
ings are excited in series from an a-< 
source. Series excitation for the refer- 
ence windings has the advantage of 
reducing the regulation required of 
the a-c supply. Secondary windings re- 
ceive the current fed back to the 
Microsyn torque generator, thus repre- 


torque 


» 


Fig. 2 


senting a measure of torque needed to 
null the shaft. This measurement is 
accurate to 0.1 per cent of full-scale 
torque. 

Figure 1 shows a basic torque tester 
Immediately to the right of the 21-pin 
male connector, the fixture is tapped to 
accept the air line which supplies air 
pressure regulated to *1 psi, support 
ing the air bearing. A holding adaptor, 
Fig. 2, is used to allow accurate linear 
and angular positioning of the test 
rotor with respect to its stator. 

Maximum axial load capacity for the 
tester is 1 lb. Adjustment resolution of 
alignment fixture is 20 microin. Maxi 
mum calibration torque level is 5000 
dyne cm. 00% 

Source: Dynamics Research Corp. 38 
Montvale Ave., Stoneham, Mas« 


Details of the air bearing for the shaft are visible in 
this cutaway view. Damping of torque-tester feedback restraint 


loop is provided by an oil-immersed paddle. 
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by MACALLEN 


Bonds of superior flexibility and adhesive strength unite the thin films of 
selected India Sheet Mica in MACALLEN Flexible Plate No. 7. Readily 
formed into desired shape without the use of heat, No. 7 is widely used 
for insulating armature slots, transformers, magnet and commutator 
cores, and field coils. It is one of the many MACALLEN Mica Products 
used for greater efficiency and economy by the electrical industry since 
1892. Find your insulation “answer” in our free Catalog 25. Send for 
it today. 


MAGAIARENEIVINGA' 


* ALL FORMS * ALL QUANTITIES 
* ALL DEPENDABLE 


THE MACALLEN COMPANY, INC. 


Bay Rood, Newmarket, New Hampshire CHICAGO: 565 W. Washington Bivd. 
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ASSOCIATION Activities 


Seventeen Sessions Scheduled For Electrical 
Insulation Application Conference 


Four-day program of the 1960 National 
Conference on the Application of Elec- 
trical Insulation, to be held at the Con- 
rad Hilton Hotel, Chicago, December 
5-8 inclusive, comprises sixteen sessions 
and a wide spectrum of papers covering 
various phases of application problems. 
Subject to some possible changes and 
additions, the program at this writing 
follows: 


9:00 AM, December 5, 1960 


e Class F Systems for Medium A-C 
Rotating Equipment: Session Manager, 
E. J. Snyder, Bentley-Harris Mfg. Co., 
Conshohocken, Pa.; Session Director, E. 
W. Sommers, Westinghouse Electric 
Corp., Buffalo, N. Y. 


2:00 PM, December 5, 1960 


e Medium D-C Rotating Equipment: 
Session Manager, Ward Hanson, Minne- 
sota Mining & Mfg. Co., St. Paul; Ses- 
sion Director, J. L. Kneltham, Allis 
Chalmers Mig. Co., W. Allis, Wis. 

“Review of New Insulations,” J. L. 
Kneltham; “Application Experience on 
D-C Motors by C2 Navy,” W. H. 
Fifer, Bureau of Ships, USN, Washing- 
ton, D. C.; “Evaluation of Commutator 
Bar Insulation,” M. F. Gerken, Conti 
nental-Diamond Fibre Co., Newark, 
Del.; “Development and Evaluation of 
Insulating Systems for D-C Machines,” 
W. B. Penn, General Electric Co., Erie, 
Pa.; “New Class B Flexible Epoxy 
Resin Tapes,” R. R. Charbonneau and 
P. L. Hedrick, Minnesota Mining & 
Mfg. Co., St. Paul. 


e Materials for Upgrading Temper- 


9:00 AM, December 6, 1960 


e Large Motors and Generators: Ses- 
sion Manager, F. A. Goodwin, General 
Electric Co., Waterford, N. Y.; Session 
Director, E. S. Yates, General Electric 
Co., Schenectady, N. Y. 

“Large Motor and Generator Insula- 
tion,” E. S. Yates; “Silicone Rubber 
Insulation Systems for Rotating Appa- 
ratus,” R. A. Ward, General Electric 
Co., Schenectady, N. Y.; “Insulating 
Systems for Large Motors and Genera- 
tors,” W. L. Marshall, General Electric 
Co., Schenectady ; “Low-Viscosity Epoxy 
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“Review of Class F Systems,” E. W. 
Sommers; “Flexible Insulating Papers,” 
R. C. Berry, Rogers Corp., Rogers, 
Conn.; “Class F Sheet Insulation,” 
Lloyd Smith, New Jersey Woodfinish- 
ing Co., Woodbridge, N. J.; “Wire In- 
sulations for Class F Systems,” R. H. 
Hall, Phelps Dodge Copper Products 
Corp., Fort Wayne, Ind.; “Functional 
Evaluation of Class F Insulation for 
Rotating Machinery,” J. Learn, General 
Electric Co., Schenectady, N. Y. 


e Progress in Switchgear Insulation: 
Session Manager, A. J. Briggs, Conti- 
nental Diamond Fibre Corp., Newark, 
Del.; Session Director, D. D. Bergh, 
General Electric Co., Philadelphia. 

“Progress in Switchgear Insulation,” 


ature for Controls: Session Manager, 
P. L. Hedrick, Minnesota Mining & 
Mfg. Co.; Session Director, L. Mayeron, 
Minneapolis Honeywell Regulator Co., 
Minneapolis. 

“Materials for Upgrading Tempera- 
ture for Controls,” L. Mayeron; (title 
to be announced), A. B. Newton, York 
Corp., York, Pa.; “Ultra-Fine Magnet 
Wires of Copper and Aluminium Open 
New and Challenging Field in the Elec- 
trical Industry,” J. L. McKinley, Rea 
Magnet Wire Co., Inc., Ft. Wayne, 
Ind.; “High Temperature Epoxide 
Resin Formulations,” J. A. Warburton 
and R. S. Norman, General Electric 
Co., Schenectady, N. Y.; “Laminated 
Mica — A New Insulation Material,” 
E. G. Dingman, The Macallen Co., Inc.. 
Newmarket, N. H. 


e Guideposts in the Application of 
Electrical Insulation: Session Manager, 


Resins,” John Delmonte, “Furane 
Plastics, Inc., Los Angeles; “Low-Fre 
quency Testing of Insulation Systems,” 
T. N. Bosworth, General Electric Co., 


Schenectady. 


e Application and Evaluation of 
Transformer Insulating Materials: Ses 
sion Manager, P. M. Di Cerbo, Sterling 
Varnish Co., Sewickley, Pa.; Session 
Director, H. C. Zambell, Allis-Chalmers 
Mfg. Co., Terre Haute, Ind. 

“Application and Evaluation of 
Transformer Insulating Materials,” H 


D. D. Bergh; (title to be announced), 
W. K. Anderson, Commonwealth Edison 
Co., Chicago; “An Analysis of Insula 
tion Requirements for Metal Clad 
Switchgear,” Warren Donaldson, Gen- 
eral Electric Co., Philadelphia; “Flame 
Retardant Laminates for Switchgear,” 
H. V. Howe, Continental-Diamond Fibre 
Corp., Newark, Del.; 
Switchgear,” E. T. Rogers, 
Inc., Mt. Pleasant, Pa. 


“Compreg in 
Permali 


e Electrical Connectors: Session 
Manager, H. W. Lynch, Moxness Pro 
ducts, Inc., Racine, Wis.; Session Di 
rector, R. F. Dorrell, Amphenol-Borg 
Electronics Corp., Chicago. 

“MIL-C-26500 Connectors.” R F 
Dorrell; (title to be announced), Lloyd 
A. Dixon and Galen Eley, Wright Air 
Development Center, Dayton; “Insulat 
ing Systems for 600 F and 1000 F Air 
craft Wire.” R. W. Anderson and A 
Hubbard Hl, Lewis Engineering Co 
Naugatuck, Conn.; “Adhesives for Ele« 
tronic Applications,” Lawrence Krauss. 
Arma Div., American Bosch Arma 
Cerp., Garden City, N. Y.; “Epoxy in 
New Form Molding Compound and 
Machine Stock.” Llovd A. Dixon. Hysol 
of Calif., Los Angeles 


E. J. Phelan, Prehler Electrical Insula 
tion Co., Chicago: Session Director, G 
L. Moses, Westinghouse Electric Corp 
E. Pittsburgh, Pa 
“The Purpose of 
tion,” GC. L. Moses 
ing Materials.” Gordon Gainer, West 
inghouse Electric Corp., E. Pittsburgh 
Pa.: “The Fundamentals of Insulating 
Transformers.” M. L.. Manning, So. Da- 
kota State Collage, Brookings, S. D.; 
“The Fundamentals of Insulating Mo- 
tors,” Robert Kaplan, The Louis Allis 
Co., Milwaukee; “The Fundamentals of 
Equipment,” K. 
Waltham, 


Electrical Insula 
“Electrical Insulat 


Insulating Electronis 
G. Lagerlof, Raytheon Co., 
Mass 


e Telephone Equipment: Session Di 
rector, B. E. Swanson, I. T. & T. Corp., 
Chicago. No information on papers for 
this session ix vet available 


G. Zambell: (tithe to be announced), 
A. S. Mickley, Philadelphia Electric 
Co.; “Corona-Free Structures for Dry 
Type Transformers,” W. H. Mautschler, 
Jr., Allis-Chalmers Mfg. Co. Pitts 
burgh. Pa.: “An Evaluation of Insula 
tion with Improved Thermal Resistance 
for Oil Filled Transformers,” E. R. 
Waitt, Spaulding Fibre Co., Inc., No 
Rochester, N. H.; “A New and Im- 
proved Heat Stabilized Insulation,” 1 
K. Sloat, Westinghouse Electric Corp., 
Sharon, Pa.; “Class H Transformerette 
Tests on New Barrier Insulation,” H 
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PUTTING MAGNETICS TO WORK 


How to build a better (audio signal) trap! 


Magnetics Inc. permalloy powder cores give filter designers new attenuation 
and stability standards—and miniaturization to boot! 


The art of trapping unwanted frequencies has been 
advanced during the past year with a succession of im- 
provements in molybdenum permalloy powder cores by 
Magnetics Inc. Most audio filter designers now work 
with smaller cores, more stable cores and cores whose 
attenuation characteristics are ultra-sharp. Do you? 


Do you, for example, specify our 160-mu cores when 
space is a problem? With this higher inductance, you 
need at least 10 percent fewer turns for a given inductance 
than with the 125-mu core. What’s more, you can use 
heavier wire, and thus cut down d-c resistance. 


What about temperature stability? Our linear cores are 
used with polystyrene capacitors, cutting costs in half 
compared to temperature stabilized moly-permalloy cores 
with silvered mica capacitors. Yet frequency stability over 
a wide swing in ambient temperatures is increased! 


NOVEMBER 1960 


And what do you specify when you must rigidly define 
channel cut-offs, with sharp, permanent attenuation at 
channel crossovers? Our moly-permalloy cores have vir- 
tually no resistive component, so there is almost no core 
loss. The resultant high Q means sharp attenuation of 
blocked frequencies in high anc low band pass ranges. 


Why not write for complete information? Like all of our 
components, molybdenum permalloy powder cores are 
performance-guaranteed to standards unsurpassed in the 
industry. Magnetics Inc., Dept. EM-82, Butler, Pa, 


MAGNETICS inc. 
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Versatile new electronic relays 
CONTROL CONDUCTIVE LIQUIDS 
without spark or shock hazards! 


Electronic Liquid Level 


CONTROLS 


Now—two new performance-proved electronic relays 
that provide accurate, reliable, floatiess means of 
controlling any conductive liquid or moist bulk mate- 
rial having a resistivity of up to 12.5 megohms! 
© Outstanding features and characteristics include 
Positive means of adjusting sensitivity for specific 
applications. Very low electrode potential and low 
electrode current. No shock or sparking hazards. 
No product contamination due to electrolysis. Quick 
and easy conversion for direct or inverse operation 
And, because both relays will operate several miles 
away from the leve! sensing electrodes, they permit 
accurate control of liquids from remote locations. 


Other rettabie B/W Fleatiets Liquid Level Contre! Equipment 


induction Type Relcys 


Signols ond Alarms 


Complete technical data avaliable upon request —write today’ 


THE ion SSR TSCA ES 
Bm CORPORATION 
2200 E. MAPLE ROAD « BIRMINGHAM, MICHIGAN 
Manvfocturers of Liquid Level ond Industrial Motor Controls 
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W. Dornbush, Pennsylvania Transform- 


| er Div.. MeGraw-Edison Co., Canons- 


burg, Pa. 


e Thermal Endurance of Electrical 
Insulation: Session Manager, H. K. 
Graves, New York Naval Shipyard, 
Brooklyn. 

“Insulation Life Comparison, Com- 
ponents vs Systems,” H. R. Sheppard, 
Westinghouse Electric Corp., E. Pitts- 
burgh, Pa.; “Thermal Classification of 
Pressure-Sensitive Adhesive Tapes,” R. 


9:00 AM. December 7, 1960 


e Repair and Maintenance of Rotat- 
ing Equipment: Session Manager, C. J. 
Herman, General Electric Co., Schenec- 
tady; Session Director, D. E. Stafford, 
National Electric Coil Co., 
0), 

“Repair and Rewind of Rotating 
Equipment,” D. E. Stafford: “Mainte 
nance Testing of Rotating Machinery 


Columbus, 


is an Insulation Development Tool,” 
J. C. Botts and J. S. Johnson, Westing- 
house Electric Corp., E. Pittsburgh, 
Pa.; “Use and Application of Insulation 
in Modern Electrical Repairs and Ser- 
vice of Rotating Machinery,” J. M. 
Jenkins, Reliance Engineering and Mfg. 
Co., Cleveland, O.; “Use of Magnet 
Wire in Repair of Motors and Genera- 
tors,” R. H. Hall, Phelps Dodge Copper 
Products Corp., Ft. Wayne, Ind.; 
‘Maintenance and Maintenance Testing 
f Electrical Equipment,” K. J. Doll, 
veneral Electric Co., Schenectady. 


e Electrical Insulation Evaluation: 
Session Manager, N. W. Edgerton, 
Johns-Manville Corp., Manville, N. J. 

“More Rapid and Reliable Track 
Testing Techniques,” G. R. Mitchell, 
Glastic Corp., Cleveland, 0.; “An In- 
terpretation of Arc and Track Resis- 


2-00 PM. Dec ember v. 1960 


e Foreign Electrical Insulation Prac- 
Session Manager, G. L. Moses, 
Pitts- 


tices: 
Westinghouse Electric Corp., E. 
burgh. 

Papers have been invited from lead- 
ing firms, including Dr. Beck and Co., 
Germany; Midland Silicones, England; 
Swiss Insulating Works; and the Sie- 
mens organization in Germany. 


e Molecular Key to Electrical In- 
sulation Properties: Session Manager 
ind Introduction, A. E. Javitz, Ecectro- 
lecuno.ocy, New York City. 

“The Need to Know,” N. B. Bashara, 
The University of Nebraska, Lincoln; 
“The Molecular Blocks of Insulating 
Materials,” Jack Swiss, Westinghouse 
Electric Churchill Pa.; 


Corp . Boro, 


E. Hudrlik and E. R. Hanson, Minne- 
sota Mining & Mfg. Co.; “Thermal 
Aging of Enameled Wire and Insulating 
Varnish,” D. L. McClenahan, Schenec- 
tady Varnish Co., Schenectady, N. Y.; 
“Overload Resistance of Film-Insulated 
Magnet Wire,” R. V. Carmer and E. 
W. Daszewski, Essex Wire Corp. Ft. 
Wayne, Ind., “The Evaluation of Ther- 
mal Endurance of Rigid Electrical In- 
sulation,” K. Wechsler, Westinghouse 
Electric Corp., Hampton, S. C. 


tance Methods by the Power Density 
Concept,” H. R. Sheppard, Westing- 
house Electric Corp., E. Pittsburgh, 
Pa.: “Functional Evaluation of Mica 
Products,” H. C. Lauroesch, General 
Electric Co., Schenectady; “Evaluation 
Procedure for Electrical Insulating Var 
nishes,” C. F. Hofmann, Westinghouse 
Electric Corp., E. Pittsburgh; “Critical 
Evaluation of the Accuracy and Reli 
ability of Enameled Wire Tests,” R. B 
Young, General Electric Co., Schene« 
tady. 


e Computers: Session Manager, Ray 
Brock, Richardson Co., Melrose Park, 
Il.;: Session Director, C. D. Black, 
Radio Corporation of America, Camden, 
N. J. 

“Printed Circuitry.” C. D. Black; 
“Printed Circuits,” J]. Monturo, Arma 
Div.. American Bosch Arma 
Garden City, N. Y.; “Protective Coat 
ings for Printed-Circuit Boards,” (title 
to be announced), Hughes Aircraft. 
Los Angeles; “Physical and Electrical 
Properties of Glass-Reinforced Lami 
nates as Affected by the Finish,” K. I 
Lots, Glass Fabrics Finishing Co., Ce 
dar Grove, N. J.; “Capacitance Change 
in Printed Circuits,” George Nolton 
National Vulcanized Fibre Co. 


Corp . 


“The Relationship of Molecular Struc 
Properties of Gaseous and 
Liquid Dielectrics,” H. B. Pfeiffer, 
General Electric Co., Schenectady; 
“The Relationship of Molecular Struc 
ture to Properties of Solid Dielectrics,” 
C. R. Vail, Duke University, Durham, 
N. C.; “Molecular 
Selection of Composite Insulating Ma- 
terials and Insulating Systems,” A. J. 
Warner, Aerovox Corp., New Bedford, 
Mass. 


ture to 


Considerations in 


e Missiles and Guidance Systems: 
Session Manage f M is Lewis, Perma- 
cel-LePage, Inc., New Brunswick, N. J.; 
Session Director, Kenneth Mills, Mar- 
tin Co., Denver, Colo. No information 
on papers for this session is yet avail 
able O00 
(More Association News on page 190) 


ELECTRO- TECHNOLOGY 





NOVEMBER 1960 


For Identification and Protection 
J-M DUTCH BRAND VINYL COLOR TAPE 


There’s no compromise with either identification or 
insulation when you color-code and protect pipes and 
electrical circuits with J-M Dutch Brand vinyl color 
tape. This tough and long-lived vinyl] tape sticks tena- 
ciously to any dry surface . . . resists galvanic corro- 
sion, rot, mildew, fungus, water, oil, grease. Dielectric 
strength averages 10,000 volts; colors can’t fade or 
wear off 

Dutch Brand Vinyl Color Tape does not sacrifice in 
sulation or durability to achieve the added utility of 
color. Only 7 mils of film thickness, it has tensile 
strength of 20 lbs. per inch of width; adhesion of 35 
oz. per inch of width; stretch of 150%. The U.L. tem 
perature limit is 80° C. 


Eight colors conform to standards of the National 
Electrical Manufacturers Association and include red, 
green, orange, blue, yellow, brown, silver, and white 
in a range of widths. Ideal, too, for non-electric pur- 
poses—coding pipe, defining areas, coding sub-assem- 
blies, etc. Ask your supplier for Dutch Brand No. 128 
in the color or colors you want. 


USEFUL TIPS FOR TOP SAVINGS 


You'll find dozens of stimulating 
tape-use ideas in this new, free 
J-M brochure. Please request on 
your business letterhead. 


JOHNS-MANVILLE DUTCH BRAND DIVISION 


uM 


PR 


7800 South Woodlawn Avenue, Chicago 19, Illinois 
In Canada—Johns-Manville Co., Ltd., Port Credit, Ontario 


Jouns-MANVILLE 
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DC to 500 ke frequency 
range, 6 cm undistorted de 
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identical, calibrated high 
gain amplifiers 
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HIGH-FREQUENCY 
reatures | 4Q0]-B 


-IN A NEW LOW- 
FREQUENCY OSCILLOSCOPE 


‘7 A comprehensive performer — simplifying many procedures previ- 
ously requiring specialized oscilloscopes. The 401-B provides high- 
frequency type concepts with low-frequency operation. The 401-B features 
identical amplifiers — enabling equal-ordinate, calibrated plots for accu 
rate measuring on both axes. Its wide range of sweep speeds, provisions 
for single sweeps with rearming facilities, selection of auto or driven 
sweep, an “electronic shutter’’ and other unique features — ali helping to 
create versatile displays on a new high brilliance 5 kv cathode-ray tube — 
establish the 401-B as a true general purpose, high performance oscillo 


scope. Write for complete details. 
price 9430 
F.0.B. CLIFTON, N.J 


ALLEN B. DU MONT LABORATORIES, CLIFTON, N. J., U.S. A. 


DIVISIONS of FAIRCHILD CAMERA ond INSTRUMENT CORP. 


DU MONT INTERNATIONAL DIVISION © SIS MADISON AVENUE, WEW YORK 22, NY. © CABLES. ALBEEDU, NEW YORK 
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Papers on Military Electronics 
Invited 


Technical papers for the sessions ot the 
Winter Convention on Military Ele« 
tronics, sponsored by the IRE Profes 
sional Group on Military Electronics 
are invited. Classified sessions will be 
held, but clearances for proposed pa 
pers are limited to Confidential. Ab 
stracts of all papers will appear in the 
final program for the February 1-3 
conference in Los Angeles. 

Authors are encouraged to submit 
their papers for publication in the 
Transactions of IRE and to submit pre 
prints at the convention. One-hundred 
word abstracts and 500-word-summarie- 
should reach Dr. J. J. Myers, Hoffman 
Electronics Corp., Military Products 
Div.. 3717 S. Grand Ave., Los Angeles 
7, before November 15. 1960 


Reliability Symposium Planned 


The Seventh National Symposium on 
Reliability and Quality Control, spon 
sored by AIEE, ASOC, EIA and IRE 
will be held in the Bellevue-Stratford 
Hotel, Philadelphia, from January 9-11 
1961. Typical session titles are Rell 
ability Training. System Reliability 
Accelerated Testing, Reliability Test 
ing. Reliability Prediction, Statistical! 
Techniques, Mathematics and Model« 
and Design Techniques 

Particulars on the conference are 
available from R. L. Schwerin, Na 
tional Symposium on Reliability, ACI 
Electronics Div... ACF Industries, In 
1) Park Place, Paramus, N. J 


National ASME-AIChE Heat 
Transfer Conference 


The Fourth Annual Heat Transfer Con 
ference. held in Buffalo. New York, on 
August 16-17, was the most successful 
ever held. Over 800 engineers attended 
this meeting to hear 65 technical papers 
and to attend an exhibit of heat-transfer 
and related equipment. 

The technical program was divided 
into 12 sessions and five panel discus 
sions. Exectro-TecuNno.ocy readers 
may be interested in the following 
papers: 

“Temperature Regulation in a Bio 
Satellite,” ASME Paper 60-HT-6, K. L. 
Cappel, Franklin Institute, Philadel 
phia; “The Influence of Sound on Free 
Convention from a Horizontal Cylinder,” 
ASME Paper 60-HT-14, R. N. Fand 
and J. Kaye, Massachusetts Institute of 
Technology; “Transition Boiling Heat 


Transfer,” AIChE Paper 18, P. J. Beren 


son, Massachusetts Institute of Tech 
nology; “Analysis, Results and Inter 
pretation for Radiation between Some 
Simply Arranged Gray Surfaces,” 
ASME Paper 60-HT-4, E. M. Sparrow, 
J. L. Gregg, J. V. Szell and P. Manos, 
NASA, Cleveland; “Radiant Heat 


Transfer from Flat Plate Uniformly 
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3 Ways Better 
thalalenls tddisa uidaidii 
centrally located to permit lock- 
ing or releasing while seated. 


vide maximum protection 
against breakdown, cable-snap- 
ping, and the wear and tear of 
constant use. 


Larger diameter vertical rail and 
attendant structural improve- 
ments afford increased rigidity 
for sharper, surer work. 


5 Ways the Best 


More Versatile — perfect balance at 
any board angle. 


More Compact — advanced travel-rod 
construction completely eliminates 
outdated cumbersome counterbal- 
ances projecting over top of board. 


More Adaptable — gives maximum 
sweep of any size board — even the 
largest wall models. , 


Better Made — as with every K&E 

product, precision engineering 

Even the Best Draftsmen throughout... rigid construction 
are better with means truer lines, more accurate work 

... glides smoothly on fine-ground 

stainless rails...all glide controls 


® are readily adjustable for any touch, 
The K&E Paragon 


For Easier Use—scales move instantly 


at the lightest touch from one posi- 
tion to another . . . long lines can be 
o, drawn in a single motion, up, down 
TM. or across ... scales lock in place to 
it ¥ eliminate drift... less tiring... 
Draftin Machine smooth, feather-light action actually 
reduces number of arm and hand 
motions necessary to produce a fin- 
ished drawing. 


ee ee a ee OD SP SS OD 2 OD OP OP © OO OP OO Oe 9 9 ew, 


! KEUFFEL & ESSER CO., Dept. EM-11, Hoboken, N. |. 
) Please send information on the new K&E Paragon® Auto-Flow™™: Drafting Machine 
() Please arrange a demonstration for me. 


Name & Title . 


Company & Address 


ww we ewe OO Oe eeeeeeseseesoeoewowoeerwwases 
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ROYAL 


rT WRIZED” 
RDS in 


PLASTIC 


Complex or simple 
Stock molds or special 
Black or colors 


No matter what your power supply 
cord requirements, Royal's engineering 
and production facilities are ready to 
solve them... with experimental molds, 
sample runs, and full production quan- 
tities to meet assembly schedules. Write 
for details. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET + RHODE ISLAND 
in California: 
Electric Cords & Supply Corp., 
413 E. 3rd St., Los Angeles 13 


in Caneda: 
Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 


en osseciate /TT 
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Heated on One Edge and from Tapered 
Fin with Constant Temperature Gradi- 
ent,” AIChE Papers 23 and 24, D. B. 
Mackay and E. L. Leventhal, North 
American Aviation, Inc., Downey, 
Calif.; “An Experimental Study of Boil- 
ing in Reduced and Zero Gravitational 
Fields,” ASME Paper 60-HT-10, C. M. 
Usiskin and R. Siegel, NASA, Cleve- 
land; “Optimization of a Sandwiched 
Thermo-electric Device,” ASME Paper 
60-HT-24, B. W. Swanson, S. V. Som- 
mers and R. R. Heibes, Westinghouse 
Electric Corp., Pittsburgh. 

The cryogenics panel discussion, 
moderated by R. B. Scott of the Na- 
tional Bureau of Standards, was ex- 
tremely well attended. The four panel- 
ists discussed the electrical aspects of 
conduction at low temperatures, some 
applications of cryogenics, physical 
properties of cryogenic fluids, and the 
problems inherent in heat-exchanger 
design at low temperature. Unfortunate- 
ly, no proceedings of this panel will be 
published. 

Further information concerning this 
and future conferences may be obtained 
from the American Society of Mechani- 
cal Engineers, 29 W. 39 St., or from the 
American Institute of Chemical Engi- 
neers, 25 W. 45 St., both in New York 
City. 


Information Theory Papers 
Solicited 


The IRE Professional Group on In- 
formation Theory, in cooperation with 
the Center of Communications Sciences, 
Research Laboratory of Electronics, 
M. I. T., is planning an International 
Symposium on the Transmission and 
Processing of Information in Boston, 
September 6-8, 1961. Papers on new 
research contributions, of either a 
theoretical or experimental nature, are 
invited. The deadline for the 500-1000- 
word abstracts is January 1, 1961 and 
that for the receipt of full-length papers 
is April 1. 

Proposed papers should be submitted 
to Peter Elias, RLE, MIT, Cambridge 
39, Mass. 


Solar Energy Information 


A newsletter service has been inaugur- 
ated by the Solar Energy Information 
Center, a newly established group, di- 
rected by the Power Sources Division 


| of the Army Signal R & D Laboratory, 


| 
| make available technical 


Ft. Monmouth, N. J. The Center will 
information 
on projects, programs and research ac- 
tivities in the military, and those in 
the civilian economy which have mili- 
tary applications. 

Requests for copies of the newsletter 
and for additional information should 
be sent to Commanding Officer, U. S. 
Army Signal Research & Development 

(Continued on page 197) 


ROVAL 
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ORD 
LAS 


Colorful, tough, casy-to-clean! That's why 
PLASTIC cords make your power tools, 
appliances, or other electrical products 
look better, work better, and sell better! 
And that’s why your smart move is to 
ROYAL — the company equipped to give 


TY B= 


you prompt service on all plastic cord 
needs, cither with stock molds or special 
tooling. 


Royal has “off-the-shelf” molds for strain 
reliefs (dimensions customized to fit your 
product's housing) . . . and 2-wire and 
3-wire caps and connectors for 125V and 
250V services. Moreover, when special 


attachments are needed, Royal design 
engineers help you capitalize on the ver- 
satility and economy of PLASTIC... 
with experimental molds, adequate sam- 
ple lots, and fast tooling for production 
runs. Attachments are molded to durable 
Royal Plastic or Rubber Cord, in colors 
that complement your product styling. 


For full details on ROYAL 
power supply cords, write 
ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


tn Catifornia: 
Electric Cords & Supply Corp. 
413 East Ora St., Loo Angetes 13 


| in Canada: 


Royal Electric Company | Quebec) Ltd., 
Pointe Ciatre, Quebec 
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Carpenter's full-range selection of Glass Sealing Alloys can turn your design 
ideas into accomplishments... Only Carpenter gives you a selection wide enough to meet 


practically any glass or ceramic sealing problem. Carpenter Glass Sealing “42” and Glass Sealing 


“52”, both nickel-iron alloys, are ideal for vacuum tubes, transformers, capacitor bushings, high 


voltage lamps, and other glass-to-metal seals. 


In addition, Carpenter produces a ductile 28% chromium-iron alloy, Glass Sealing “27”; a nickel- 
chromium-iron alloy, Glass Sealing “426°; and a nickel-cobalt-iron alloy, Nicoseal. All are formulated 


and made to meet special applications. 


Take Nicoseal, for example. It can be used in transistors. Although others might offer an alloy similar 
in composition, Nicoseal is the only one produced by a full-range specialty steel company . . . with 
years of steelmaking experience and proven quality controls which assure uniformity pound after 
pound after pound. Also, Nicoseal offers you the deep drawing qualities so important in your fabri- 
cating operations, especially in the production of seals. 

Write for Carpenter's new, 64-page technical booklet covering alloys now available for electronic, 


magnetic and electrical applications. The Carpenter Steel Company, 115 W. Bern St., Reading, Pa. 


[arpenter sien 


you can do it consistently better with Carpenter Specialty Steels for specialists 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Alloy Tube Division, Union, N. J. 
Webb Wire Division, New Brunswick, N. J 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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You get MORE THAN A MOTOR with General Electric's 


Years-Ahead 


Form G leadership among fhp motors isn’t accidental. We work hard at it, 
constantly improving, constantly innovating. We’ve found it’s the best way to help 
our customers keep ahead of the changing demands in their industries. It’s good 
business on our part. It’s good business on your part too... to make sure you 

get the advantages a years-ahead motor can offer your product. 








Form G...for example... 


Design Leadership 


f : | 
FOR A REVIEW of several years-ahead design features 
of the Form G fhp motor, and some good reasons why it 
offers you MORE THAN A MOTOR, see the next page. 
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These years-ahead Form Gmotor features 
mean long life, reliable performance 


1. QUIET SWITCH — specially-designed 
composition washer in Form G mo- 
tors cushions start-stop click; main- 
tains positive snap-action; has been by 
tested to last 3,500,000 operations 


heat, stress, 


*Reg. Trademark of Du 


Only General Electric Form Gs 


1. YEARS-AHEAD DESIGN LEADERSHIP — consistent leader- 
ship by G.E. keeps Form G customers ‘‘out front”’ 


2. EASE OF ASSEMBLY Form G motors provide assem- 
bly-line savings in time and money. 


3. EXPERT APPLICATION AID G-E engineers are always 
available to help solve unusual motor applications. 


4. ON-TIME DELIVERY multi-plant facilities assure you 
reliable, prompt delivery of the exact motors you need. 


5. VERSATILITY PERSONIFIED a Form G 
meet almost any design requirement. 


motor can 


2. LONG-LIFE STATOR 
stator bonding dip and Mylar* insu- 
lation protect against damage caused 


clamps provide additional rigidity 


3. RUST-RESISTANT SHAFT 
gunmetal-like treatment of 
shaft resists rust and corrosion, sim 
plifies product service. Fans, pulleys, 


heavy-duty special 


motor 
moisture. Stator 
and couplings are easy to remove 


4. LONG-LIFE LUBRICATION 
50‘ oil than in old-design 
motors and an efficient oil retention 
system contribute to motor’s doubled 
lubrication life: cut maintenance 


Over 
more 


5. ACCURATE ALIGNMENT § disk-type 
end shield, heavily ribbed for rigid- 
ity, places rabbet and bearing in 
same plane, provides accurate bear 
ing motor life 


alignment, long 


6. THRUST PROTECTION 
locking washer assembly withstands 


inter- 


normal thrust from any direction 


regardless of motor angle; also acts 


as an oil seal for long motor life 


give you MORE THAN A MOTOR 


6. FAST, LOCAL SERVICE 


a nationwide network of G-E 
Electric Motor Service Stations 
ways close at hand 


means service is al 


7. QUALITY CONTROL Form G thor 
oughly tested at all stages of production to assure you 
long, dependable performance 


every motor 1s 


Make sure you get MORE THAN A MOTOR when yow select fhp drives 
for your product choose General Electric Form G motors, available in 
NEMA 48 and 56 frames. For more information contact your nearby 
General Electric Apporotus Sales Office or write Section 702-108, 
General Electric Co., Schenectady 5, N. Y 
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CALENDAR of Meetings 


DECEM 
SMTWT 


4867 
112134 
18 19 20 21 
25.26.2728 


Nov. 7—-Conference on Automation 
in Injection and Compression Mold 
ing (sponsored by Society of Plas 
tics Engineers), King Edward Hotel, 
Toronto, Ontario 


Nov. 8-11-——-National Die Casting 
Exposition and Congress, Detroit 
Artillery Armory, Detroit, Mich 


Nov. 14-16 -— Mid-America Ele« 
tronics Conference (sponsored by 
IRE), Municipal Auditorium and 
Hotel Muchleback, Kansas City, Mo. 


Nov. 14-17—Sixth Annual Con 
ference on Magnetism and Magnetic 
Materials (sponsored by AIEE and 
American Institute of Physics), New 


Yorker Hotel, New York City. 


Nov. 14-18-—NEMA Annual Meet. 
ing. Traymore Hotel, Atlantic City, 
N. J. 


Nov. 15-16—Annual Conference, 
IRE Professional Group on Product 
Engineering & Production, Sheraton 
Plaza Hotel, Boston. 


Nov. 15-16—Symposium on En- 
gineering Applications Probability 
and Random Function Theory 
(sponsored by Purdue University), 
l afayette, Ind. 


Nov. 15-17-——Northeast Research 
and Engineering Meeting, Com 
monwealth Auditorium, Boston, 
Mas« 


Nov. 18—Conference on Blow 
Molding (sponsored by Society of 
Plastics Engineers), The Essex 


House, Newark, N. J 


Nov. 27-Dec. 2.-ASME Winter 
Annual Meeting, Statler Hilton Ho- 
tel, New York City 


Nov. 28-30-—American Society of 
Refrigerating Engineers, Semi-An 
nual Meeting, Chase-Park Plaza 
Hotel, St. Louis, Mo. 


x 


FEBRUARY 
SMTWTEF Ss 
2. 


Nov. 30-Dec. 1-2—-Ninth Annual 
Wire and Cable Symposium, jointly 
sponsored by U. S. Army Signal 
Research & Development Laboratory 
and industry, Berkeley-Carteret Ho- 
tel, Asbury Park, N. J. 


Dec. 5-7--Third EIA Conference 
on Maintainability of Electronic 
Equipment, Hilton Hotel, San An 
tonio, Texas. 


Dec. 5-8—National Conference on 
the Application of Electrical Ins- 
ulation, Conrad Hilton Hotel, Chi 
cago 


Dec. 13-15—Eastern Joint Com 
puter Conference (sponsored by 
IRE), New Yorker Hotel and Man 
hattan Center, New York City 


Dec. 14-16 Atomic Industrial 
Forum, Annual Conference (co 
sponsored by American Nuclear So 
ciety), Fairmont Hotel, San Fran. 


ciaco,. 


Jan. 9-11—National Symposium on 
Reliability and Quality Control 
(sponsored by AIEE, ASOC, IRE), 
Bellevue-Stratford Hotel, Philadel- 


phia 


Jan. 16-19—ISA Winter Instru 
ment-Automation Conference & Ex 
hibit, Sheraton-Jefferson Hotel, Kiel 


Auditorium, St. Louis, Mo. 


Feb. 1-3—Convention on Military 
Electronics (sponsored by IRE), 
Biltmore Hotel, Los Angeles. 


Feb. 7-9-—-Annual Society of the 
Plastics Industry, Reinforced Plas- 
tics Division Conference, Edgewater 
Beach Hotel, Chicago. 


Feb. 15-17—AInternational Solid 
State Circuits Conference (spon- 
sored by ATEE and IRE), Univer- 
sity of Pennsylvania and Sheraton 


Hotel, Philadelphia 


IS YOUR 


BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


@ Specialized high production 
techniques afford lowest possible 
unit cost. 


@ Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


@® Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion 

Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


REQUEST 
BULLETIN 


Laboratory, Attn: SIGRA/SL-PS, Fort is seeking papers for the Los Angeles 
Monmouth, N. J. Summer Meeting in June 1961. Those 592 


interested in submitting papers for this RARE ale 
aa Heat Transfer Papers meeting should send the completed | 
ssu 


manuscript, prior to December 1, 1960, —<——=" 
The ASME Tee hnic al Committee on to T. Woolard, Papers Committee Ges eeorccronne comma 
Heat Transfer in Electrical and Elec- Chairman, Air Preheat Corp., Wells- 
tronic Equipment (Heat Transfer Div.) ville, N. Y. 4021 W. LAKE ST. + CHICAGO 24, ILL. 


4 Circle 186 on Inquiry Cord Circle 187 on Inquiry Card 197 





Adiake mercury displacement relays 
stand up in “dirty situations” where 
mechanical relays clog and fail. Un- 
affected by dust, dirt, moisture and 
temperature changes, they function 
perfectly—even in a coal mine or a 
flour mill. 

1101-87 quick acting, toad 

relay. Mercury-to-mercury 

contact construction. Loads to 


75 amps. Non-ind. at 
115 volts, 60-cy 


MAIL COUPON 
FOR FREE RELAY 
CATALOG 


The Adams & Westlake Company, Dept. K- 8211 
Relay Division, Elkhart, Indiana 


NAME 
COMPANY 


AOORESS 


CITY AND STATE 


Hee eee 
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BOOK Reviews 


Edited by Atice Mary Hivton, Associate Editor 


Electrical Technology, Edward 
Hughes, Longmans, Green and Co.. 
Inc., 119 West 49 Street, New York 
(1960), 694 pages, $4.00. 

According to the preface, this book is 
specifically designed to fit certain levels 
in the British engineering education 
curricula. It does cover the broad field 
of electrical engineering fundamentals 
and includes an amount of information 
and variety of topics that is remarkable 
in view of the lucidity of language and 
thoroughness of explanation. 

As a textbook, it would be useful for 
non-electrical-engineering students, for 
instance. As a reference work, the book 
has many merits for engineers, includ 
ing electrical, who have occasion to re 
quire specific and immediate reminders 
of basic circuit, machine, and measure 
ment phenomena and relationships. For 
such specific reference needs, for in 
stance, the presence of an adequate 
index and a centralized list of symbols 
and abbreviations used in the book, and 
the use of numerical examples and il- 
lustrative problems (with answers! ) are 
distinct assets. The author has appar 
ently been more concerned with in 
formative and accurate presentation of 
fundamentals than with straining for 
being “up to the minute”; there is 
for instance, virtually no discussion of 
semiconductor devices or principles as 
such A.ER 


Proceedings of the Symposium 
on Millimeter Waves (1959), edited 
by Jerome Fox, Polytechnic Press 
of the Polytechnic Institute of 
Brooklyn, New York (1960). dis 
tributed by Interscience Publishers 

New York, 656 pages, $8.00 
In keeping with a recent trend, the 
proceedings of a technical meeting 
(this one sponsored by the Microwave 
Research Institute of BPI, in coopera 
tion with the IRE, the Air Force Office 
of Scientific Research, the Office of 
Naval Research, and the U. S. Army 
Signal Research and Development 
Laboratory) have been published (in 
this case, a year later ) as a commer- 
cial venture. We are inclined not to 
agree with the trend, but in this case 
the results are valuable enough to 
negate the drawbacks. 

Research and development in milli- 
meter waves (they are squeezed in 
between infrared and microwaves) 
have been extremely active, and the 
results detailed in the papers in this 
book constitute an excellent back- 


ground for anyone interested in the 
field. The first four papers, in fact, 
give a state-of-the-art review that is 
very interesting. The remainder of the 
papers are on detailed developments 
and it i. only unfortunate that, in such 
a rapidly progressing field, their pub- 
lication should take place a vear after 
the papers were presented. JAR, 


Digital Computer Principles, 
Wayne C. Irwin, D. Van Nostrand 
Company, Inc., Princeton, N. J 
(1960), 321 pp, $8.00. 

The field of digital computation is far 
spread, and the books published therein 
are numerous and heterogeneous. Mr. 
Irwin, National Cash Register Com 
pany, has made a valiant effort to culti 
vate the field, organize it into furrows. 
and eliminate the weeds. How well he 
has succeeded is difficult to assess. We 
can't detect many weeds. Neither can 
we find a great deal of variety in the 
fruits of Mr. Irwin's labor. The book 
is rather plain fare even for unsophis 
ticated palates. 

We are not quite sure who the read 
ers are for whom Mr. Irwin intended 
this book. In his preface the author 
states that no “previous acquaintance 
with computers, electronics, or mathe 
matics is necessary.” Nevertheless, we 
doubt whether any real understanding 
can be gained from this book without 
a grounding in electronics, or physics 
mathematics, and logic. Our primary 
reservation concerns the examples 
limited almost entirely to NCR tech 
niques. Our second reservation is even 
more serious: the author has covered 
too many topics (Methods of Computa- 
tion, Symbolic Logic, Mechanization of 
Logic, Mechanization of Storage, Tim 
ing, Mechanization of Arithmetic, Con 
trol, Communication with the Com 
puter, Preparation of Instructions, Re 
duction of Errors, Present Trends—the 
last presenting the only divergence 
from NCR methods we can find), with 
the result that a great many ideas and 
methods are touched upon, without be- 
ing explained in such a manner that 
the reader can gain an understanding 
of basic principles, and apply such 
principles to more diversified problems. 

One cannot object to the topics com- 
posing the book. Valuable information 
is presented. But the book as a whole 
fails to live up to the “Principles” in 
its title. And it does not really explain 
invthing in enough detail to be useful 
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Butyl rubber insulates modern bus duct systems 


WHAT'S NEWS IN RUBBER 


Butyl rubber insulates modern high-voltage transformers. 


ENJAY BUTYL 


best way to handle electricity 


Enjay Butyl tops all vulcanizable 
rubbers in electrical and dielectric 
properties ... in resistance to corona 
and ozone breakdown and water ab- 
sorption. Its high dielectric strength 
insures against electric breakdown 
under normal or surge voltage. Its 
heat resistance permits higher cur- 
rent flow for a given conductor size. 
Butyl also offers outstanding resist- 


ance to weathering and sunlight... 


chemicals . . . abrasion, tear and flex- 
ing .. . superior damping properties 
...unmatched impermeability to gases. 
Result? Butyl is ideal for wire and 
power cable, transformers, tapes, bus 
bars, and other insulation applications. 

Find out how this versatile rubber 
can improve your product. Contact the 
nearest Enjay office. Home Office: 15 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


NOVEMBER 1960 
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to anyone concerned with any of the 
phases of computing machine design or 
use. If the book is intended for intel 
ligent laymen, as the preface indicates, 
there is too much detail which is of no 
consequence to the layman, and too lit 
tle about the various computing ma- 
chines available. 

Perhaps all our reservations amount 
to one basic objection: the title prom- 
ises to present principles—which is 
sorely needed and has not yet been 
satisfactorily produced in all the vast 
crop of computer books. This promise 
is not fulfilled in this array of more or 
less detailed examples of the vast 
variety of topics more or less touched 
upon. —A.M.H 


Direct Conversion of Heat to 
Electricity, Joseph Kaye and John 
- 428 A. Welsh, John Wiley and Sons, Inc. 

SINGLE CYCLE RESET TIMER New York (1960), 353 pages. 
This book contains 23 pages de 
livered by various authorities at a Spe- 
cia] Summer Program on the subject at 
the Massachusetts Institute of Tech- 

nology in July 1959. 

General subject headings include 
high-vacuum and low-pressure thermi 
onic engines, magnetohydrodynamix 
converters, semiconductor devices, and 
fuel cells (although there is only one 
paper on the latter). Since the field of 
direct energy conversion is relatively 
new and since its use in space vehicles 
is so attractive, this will serve as a good 
source book for those already familiar 
with the subject. It should not, however, 
be considered as a textbook from which 
to learn the theoretical aspects of the 
subject. —J.RR. 


Books Received 


Bulletin 720 | The following list of books received 
AUTOMATIC RESET COUNTER | during the past month is far from com- 
plete. Although the editors of ELectro- 

lecunotocy believe many of these 

books to be of interest to our readers, 


Now in stock for immediate delivery no critical evaluation is attempted at 


this time. 


Bulletin 110 
20 TURN DIAL RESET TIMER 


Bulletin 170 
TIME DELAY RELAY 


Bulletin 165 
PNEUMATIC TIME DELAY RELAY 


Bulletin 320 
ADJUSTABLE REPEAT CYCLE TIMER 


To better serve your needs without delay, EAGLE now makes 
‘ : ‘ ; Mathematics for Engi 
available the above Timers and Counters for immediate de- — a 
. . ‘ Differential Equations for Engineers, Philip 
livery direct from factory stock or stocking sales representa- Frenkiie. Dover Publications, lac. New 
tives in principal cities. York (1960), $1.65. Useful-400 prob 
lems based on applications 
Differential Equations, R. P. Agnew, 2nd 
: : Ed., McGraw-Hill Book Company, Inc., 
selecting the finest quality and most dependable components New York (1960), $7.50. Text and 
y f reference book. Prerequisite: reasonable 
you can buy. 1 
knowledge of algebra, trigonometry, and 
] vite . .. . , ta elementary calculus. 
Write us regarding your TIME Comers problems, or sce your Elementary Differential Equations, Lyman 
local phone directory or Thomas Register under the heading, M. Kells, Sth Ed., McGraw-Hill Book 
“TIMERS, ELECTRIC” for your nearest EAGLE Representative. Company, ins. How Sock (ESE8), 9625. 
Elementary text— simple presentation, 
some theory, numerous examples and 
exercises. 


EAGLE SIGNAL COMPANY « Moline, Ilinois An Introduction to Modern Mathematics, 


bert W. S *rentice- 
A DIVISIOM OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY Ro rt W. Sloan, | rentice Hall, Inc., 
New Jersey (1960), $3.75. Basic and 


elementary. 
MANUFACTURERS OF THE MOST COMPLETE LINE OF INDUSTRIAL TIME-COUNT CONTROLS (Continued on page 202) 


When you use EAGLE Timers and Counters, you are assured of 
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Designers: 

cut SPACE, WEIGHT 
add SAFETY, POWER 
with HOWELL 


With Howell Shell Types, your 
motor becomes a component in 
the purest sense Pees SHELL only 
and inside the machine it drives. 4 

Call in your HOWELL MAN 
for helpful application counsel. 
Hundreds of products like these 
are driven by Howell Shell Type 
motors: 

e Hoists e Saws 
« Machine e Spindles 
tools e Woodworking 

Packaging machines 

machines 

A product of The Ohio Electric 
Mig. Company, Maple Heights, 


Ohio a Howell subsidiary. 
A M16A 


eee ata 


Jobs Wanted — Motori FL 
HOWELL WANTS TO WOL@ at ea 


No job too big, too small... 
1/40-300 HP, A.C. MOTORS 


We work hand-in-hand with 
ind for many of America’s lead- 
ing makers of motor-driven ma- 
chines and appliances 


We supply top-quality motors, 
gearmotors, speed reducers, gen- 
erators and we back them 
with top-notch development, 
manufacturing, application as- 
sistance customer-serviced 
by men known for cooperation, 
ability, integrity 


If you're not one of our fast- 
growing number of ‘‘ Customer 
Bosses,’’ we'd like to work for you, 


too. Call your HOWELL MAN! 


A FEW PRODUCTS OF 
FIRMS WE WORK FOR; 


e Conveyors e Fans 

e Blowers e Floor 

e Business polishers 
machines e Machine tools 

e Compressors ¢Pumps  , se 


ROTOR, STATOR, 


—fo designers with special Fm 


looking for GOOD IDEAS! 
. «+ the Howell 


Machine Designers continually 
find new, previously undreamed 
of uses for Howell torque motors. 

Both motor and solenoid, this 
hybrid device is no less than 
motor-magnet MAGIC. Listed 
below are a few time-proved 
applications; at right, some of 
the things it does. 

Might the Torque Motor be a 
new solution for you? Call your 
HOWELL MAN in for discus- 
sion! 


A product of Howell Electric 


Motors Company and The Ohio 
Electric Mfg. Co 
Howell subsidiary. A-2918A 


TIME-PROVED FOR OPERATING: 
© Clamping © Reeling 


mpany ...a 


mechanisms © Slack take-up in 


© Flevator door winding 


openers © Tensioning devices 


© Jigs and Fixtures 


® second of a pattie 
WHAT YOUR HOWELL MAN 


represents and has to offer 


Another brief message to our host of friends who 
have contributed so importantly to our growth. 

Our corporate and product ‘“‘Images’’ have changed 
vastly in the past few years. 

Howell now also offers you the combined broad 
motor lines of: The Ohio Electric Mfg. Company; 
Kingston-Conley, Inc.; The Leland Ohio Electric Co. 

Each is a leader in certain important areas. Each is 
known for certain outstanding products. Each has 
built on ideas, initiative, integrity. 

Consolidation is now completed. People, Plants, 
Products of four formerly separate enterprises are now 
ONE COMPANY .. . dedicated to continued high 
standards of service to American Industry. 

A few words about our: 

engineering 

Best evidence of any industrial supplier's engineer- 
ing skill is ‘‘the company he keeps.” We are proud of the 
buyers we supply. Blue chip firms . . . we'll show you 
the list. Howell ENGINEERING is noted for good 
application as well as good product development. It is 


one of the biggest values in your purchases from Howell. 
A-292iA 
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WANT THE LATEST INFORMATION 
ON GLOW LAMPS AS INDICATORS 
AND AS CIRCUIT COMPONENTS? 


Send for General Electric’s all-new Glow Lamp Guide 
for Designers. It’s free, complete and up-to-date— 


Contains all the information you'll need to help you choose the 
right glow lamp for the job. Gives complete specs on G-E Glow 
Lamps for circuit component and for indicator use. Packs 
more data in fewer pages than any other brochure... recom- 
mends specific lamps for specific circuits . . . covers physical 
and electrical characteristics. All this and much, much more. 
Send for your free copy of Bulletin No. 3-0193 today. The right 
number for you to circle is shown below. General Electric Co., 
Miniature Lamp Dept. M-031, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most /mportant Product 
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Introduction to Mathematical Statistic s, 
R. V. Hogg and A. T. Craig, The Mac 
millan Company, New York (1959), 
$6.75. Fundamental concepts. Prerequi 
site: elementary analysis and modern 
algebra. 

introduction to Probability and Statistics, 
B. W. Lindgren and G. W. McElrath, 
The Macmillan Company, New York 
(1959), $6.25. Useful preparation for 
reading scientific literature that uses 
statistical ideas 

{n Introduction to Statistical Communica 
tion Theory, David Middleton, McGraw 
Hill Book Company, Inc. New York 
(1960), $25.00. Advanced-—applications 
of probability concepts and statistical 
methods. 

Statistics Manual, E. L.. Crow, Dover Pub 
lications, Inc. New York (1960), $1.55 
Useful definitions end distributions, 
tables and charts 

The Theory of Groups, Marshall Hall, The 
Macmillan Company, New York (1959), 
$8.75. Text and reference material. Pre 
requisite: modern algebra 

Elementary Matrix Algebra, Franz E. Helv 
The Macmillan Company, New York 
1958), $7.50. Basie and useful 

Applied Boolean Algebra, Franz E. Hohn 
The Macmillan Company, New York 
(1960), $2.50. Very, very elementary. 


Algebras and Their Arithmetics, Leonard 
E. Dickson, Dover Publications, Inc., 
New York (1960), $1.35. A classic 


l nits. Dimensions. and Dimensionless Num 
hers Dp. ¢ Ip en MeCraw-Hill Book 
Company, Inc., New York (1960), $6.50 


Vector Analysis, M. Schwartz, 5. Green and 
W. A. Rutledge, Harper & Brothers, New 
York (1960), $7.50. Theory and applica 
tions. 


Operational Wathematics, R. V. Churchill 
2nd Ed.. McGraw-Hill Book Company 
Inc... New York (1958), $7.50. Textbook 
on theory and applications of Laplac« 


transforms and other integral transform 


Complex Variables and Applications, Ruel 
V. Churchill, 2nd Ed., McGraw-Hill Book 
Company, Inc., New York (1960), $6.75 
Theory and introduction to applicatior 


Some V athe malice VU cthods ol Physi ‘ 
G. Goertzel and N. Tralli, MeGraw-Hill 
Book Company, Inc., New York (1960 


$8.50 Useful mathematical tee hoiques 


Computing Machines 

Advances in Computers, edited by Franz 
L. Alt, Academic Press, New York 
(1960), $10.00. Diverse aspects of elec 
tronic computing systems 

{nalog ( omputation, A. S Jackson Mi 
Graw-Hill Book Company, Inc... New 
York (1960), $13.50 Comprehensive 
text and reference book 


Miscellaneous Subjects 

Instrumentation in Scientific Research, 
Kurt S. Lion, McGraw-Hill Book Com 
pany, Inc., New York (1959), $9.50 

Introduction to Solids, Leonid V. Azaroff, 
McGraw-Hill Book Company, Ine., New 
York (1960), $9.50. 

Temperature Measurement and Control, 
W. F. Coxon, The Macmillan Company, 
New York (1960), $12.00 


Continued on page 204 
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BM MOS 


American Bosch has turned to IBM's new systems tech- 
niques for faster, more sensitive control of its manufac- 
turing cycle at the Springfield, Massachusetts, plant. 
Utilizing the IBM Ramac 305, the Management Operating 
System has been applied to Materials Planning and Inven- 
tory Management, and large savings have already accrued. 


These additional savings are expected from methods 
now in use: 


® sharp reduction of machine setup costs. 8 standard. 
ized production levels, to minimize manpower fluctuations 
and concentrate inventory dollars on active sales items. 


.. TRIPLED SAVINGS ANTICIPATED WHEN SYSTEM 








MANAGEMENT OPERATING SYSTEM 
SAVES AMERICAN BOSCH $120,000 
YEARLY ON SHOP ORDERS ALONE 





IS EXPANDED! 


« substantial time reduction in production schedule 
changes. # automation of annual standard cost revisions, 
with a 70% expense cut. 


When the Management Operation System is extended to 
other areas, American Bosch estimates that savings will 
be tripled. 


MOS can be applied to most industrial operations, with 
specially trained manufacturing representatives to assist 
you. IBM Balanced Data Processing provides comprehen- 
sive support in applying the system to your company’s op- 
eration. For full information, call your nearest IBM office. 


BALANCED DATA PROCESSING 
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other case and terminal con 
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is assured when Airpax circuit 


breakers are specified. Trip free 
Pp 3 


toggle (holding toggle “ON 


will not close circuit if 


vents eauipment 


damage 
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Polyester Resins, J. R. Lawrence, Reinhold 
Publishing Corp., New York (1960), 
$5.75 


Alternating-Current Circuits, R. M. Kerch 
ner and G. F. Corcoran, John Wiley & 
Sons, Inc... New York (1960) 


Engineering 
Standards 


1EC Standards 


Four publications of the International 
Electrotechnical dealing 
with rotating electrical machinery, tele 


Commission 


vision receiving apparatus, electronic 
tubes and voltage measurement are now 
available. 

1EC 34-2, Recommendations on the 
Determination of Efficiency of Rotating 
Electrical Machinery (excluding ma- 
chines for traction vehicles), $3.20. The 
publication sets forth losses to be in- 
cluded when efficiency is determined by 
the summation-of-losses method. 

1EC 52, Second Edition, Recommen- 
dations for Voltage Measurement by 
Means of Sphere-Gaps, $3.20. 

1EC 65, Appendix III, Particular 
Specifications for Electric Mains-Oper- 
ated Television Receiving Apparatus, 
$1.60. This publication deals with safety 
requirements to be incorporated. 

1EC 67, Fourth Supplement, $2.40 
Dimensions of electronic tubes and 
valves are dealt with in this publication 

Copies are available from the Ameri- 
can Standards Association, 10 E. 40 St., 
New York 16 


NEMA Standards 


El 2-1960, Instrument Transformers, 
50¢. Type VIII metering current trans 
formers have been added to this book. 
Changes have been made in the dimen 
sions of Type I and V_ transformers 
also. This publication also covers in 
door potential transformers, metering 
current transformers for primary cir- 
cuits and instructions on instrument 
transformers 

Address requests for copies to Na- 
tional Electrical Manufacturers Associ 


ation, 155 E. 44 St., New York 17 


Thread Standards 


The Robertson Guide to World Screw 
Thread Standards, $1.50. This 41-page 
publication lists over 2000 standards 
covering the 33 countries which have 
national standards for screw threads. 
There are 108 thread forms illustrated, 
together with self-tapping screws 

Copies may be ordered from Small 
Parts Div., W. H. A. Robertson & Co 
Ltd., Lynton Works, Bedford, England. 
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PICK 


FRO 
THIS 


TYPE EP 
Standard 
TEFC 


TYPE JP 
Explosion 
proof 


Here’s a power-packed pair of Wagner® totally-enclosed fan-cooled 


motors 


Type EP, standard, protected against damage from dust, 


abrasive, fumes, steel chips or filings; and Type JP, explosion-proof, 
for safe use in specified hazardous locations. 


They'll keep your production rates up, delivering full rated horsepower 


under the toughest conditions . . . staying on the job with dependable, 
continuous service that means peak output. They’re the perfect 
pick, for individual machines or for automated lines. 


In the design illustrated, these motors are built in ratings through 100 hp 
in NEMA frame sizes 182-445U. Let your Wagner Sales Engineer show 
you how this protected pair (or larger Wagner enclosed motors through 
500 hp) gets the job done. Call him, or write us for Bulletin MU-224. 


Warner Electric Corporation 


64654 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


PROTECTED 


HEAVY-DUTY BALL BEARINGS... The ball 
bearings used in these motors are of the 
highest quality, with more than ample 
capacity to provide long, troublefree serv- 
ice under heavy loads. 
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BEARINGS CAN BE RELUBRICATED... 
Factory lubrication will last for many years 
under normal service, but openings are 
provided to permit relubrication that adds 
years to motor life under severe conditions. 


Circle 195 on Inquiry Card 


SECURELY SEALED FOR LOW MAINTE- 
NANCE... Both ends of these motors have 
running shaft seals to keep the bearings 
clean. Bearing housings are effectively 
sealed to prevent escape of grease. 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of ELEc- 
TRO-TECHNOLOGY, the board of edi- 
tors determines which editorial arti- 
cles are to be made available to 
readers in reprint form. 

Available reprint of articles in 
this and previous issues are briefed 
here. Any regular Evectro-Tecu- 
NOLOGY reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


"] 936—Static Magnetic Frequency Multi- 
pliers, November 1960, 9 pages. The 
modes of operation and typical circuits of 
frequency multipliers using saturating mag- 
netic cores. New lamination materials and 
rectifiers have made possible new orders of 
efficiency for this fundamentally old and 
well-known principle. 


- 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages 
Potential batch-to-batch variability of com- 
mercial grades of Mylar polyester film has 
been investigated to determine the applica- 
bility of this material as slot insulation in 
hermetic motor systems. Classical tests such 
as density, viscosity, extractables and shrink- 
age were performed, as well as a set of func- 
tional aging tests. Results are summarized 
and discussed and test methods are de- 
scribed. 


(] 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines are devices that measure analogous 
relationships. Continuous cr~-"tation, 
principles of operation, and various func- 
tional components are described. A survey 
of typical machines on the market is pre- 
sented in tabular form, plus applications 
for the design engineer, the role of the 
analog machine in control systems, and hy- 
brid systems. 


-) 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. The advantages and limitations of 
the new fluidized-bed process for applying 
electrical insulation to electrical and elec- 
tronic components and equipments are de- 
tailed in this study. The fluidized-bed proc- 
ess is explored through its relationship to 
parameters of design engineering and 
economics. Practical applications for the 
process in new designs are developed. The 
text is supported by charts and graphs. 


© 918—Medalar Flow Graphs for Network 
Analysis, October 1960, 9 pages. A brief 
resumé of flow-graph principles, a short 
statement of rules for the manipulation of 
simple flow-graph forms, and a definition 


Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 412 


Number of pages 
16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


and description of basic modules for simple 
two-port networks. The modular concept is 
expanded to include flow graphs represent- 
ing three-terminal devices. These are used 
as modules to construct more complex flow 
graphs. Subsequently, the complex flow 
graphs are reduced to obtain, again, simple 
basic modules. 


©) 930—Analytical Methods for Perma- 
nent-Magnet Design, Parts 1 and 2, Septem- 
ber and October 1960, 19 pages. Following 
a review of the physics of permanent-magnet 
behavior, design methods for open-circuit, 
permanent-magnet structures are explained. 
The more complex considerations involved 
in small air-gap magnet designs are then 
introduced, and effective design methods for 
such applications developed. The use of 
electrical network analogy methods in mag- 
net design is explored; examples support all 
the design method discussions. 


] 951—Radiation Effects on Electrical In- 

sulation, September 1960, 7 pages. A report 
on the effects of nuclear radiation on 
selected electrical insulation materials. Basic 
parameters of design in relation to the nu- 
clear environment are investigated and il- 
lustrated in respect to the materials involved 
Electrical properties of insulating materials 
and changes in these properties due to 
radiation energies are examined. 


0 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of 
the various kinds of graphs and nomo- 
graphs (with emphasis on the latter) which 
can be used to record and display data 
Specific instructions for constructing nomo- 
graphs, including pivoted, unevenly spaced, 
and “N” types. 


© 911—Flat-Conductor Flexible Cables and 
Connectors for Filat-Conductor Flexible 
Cables, August and September 1960, 12 
pages. A two-part article discussing flat- 
conductor cable systems. The first part in- 
cludes cabling techniques and performance 
characteristics of flat-conductor flexible 
cables. Specific data are given on load-carry- 
ing capabilities, crosstalk, r-f attenuation, 


and on shielding techniques, among other 
considerations. The second part discusses 
application techniques and describes pre- 
ferred methods for cable termination and 
connection. Several connector designs are 
illustrated and specifications for a standard 
conductor are presented. Finally, the advan- 
tages of the flat-conductor cable system are 
summarized. 


CC) 907—Designing Passive and Tunnel- 
Diode Networks, August and September 
1960, 14 pages. The use of modern syn- 
thesis techniques for realizing prescribed 
frequency characteristics by dissipative pas- 
sive networks and by amplifier networks 
containing tunnel diodes is described. Pre 
distortion is defined and the predistortion 
procedure explained. An illustrative example 
of predistortion is given. Reverse predistor 
tion is discussed. Illustrative examples of 
uniform and nonuniform reverse predistor 
tion are presented which may be applied 
to the exact design of practical networks. 


©) 950—Magnetic Amplifier Output Cir- 
cults, August 1960, 5 pages. A straightfor- 
ward method for comparative evaluation of 
complex reversible-half-wave and reversible- 
full-wave magnetic amplifier circuits as 
building-block arrangements of basic half- 
wave self-saturating circuits. Figures of 
merit are given for over 50 output circuit 
combinations. 


©) 901—Function Generators Using the 
Hall Effect, August 1960, 3 pages. The na- 
ture of the Hall effect is reviewed, and the 
fundamental voltage and geometrical rela- 
tions are presented. On this basis the possi- 
bility of using the Hall phenomenon for 
angular function generators is investigated, 
and the various potential characteristics of 
such generators considered. 


() 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 
1960, 4 pages. Practical, usable tables giving 
safe torque values for tightening and testing 
various sizes of steel screws in several differ- 
ent metals and laminated phenolic. 


1) 914—Machine Tool Electrical 
Standards (NMTBA), June 1960, 18 
pages plus cover. First revision since 
March 1956 of the Electrical Stand- 
ards sponsored by the National Ma- 
chine Tool Builders’ Association. 
Present version proposed September 
1, 1959 and adopted with interim re 
visions January 25, 1960. (See also 
JIC Electrical Standards for Indus- 
trial Equipment, Reprint 924.) Single 
reprints, no charge. Multiple quanti- 
ties may be obtained at the following 
prices: 5-$3.75; 10-$6.00; 25-$12.50; 
50-$20.00; 100-$30.00. Send check 
with order payable to E_ectro-Tecn 
NOLOGY. 


[) 902—Critical Criteria for Precision 
Gears, July 1960, 9 mages. In selecting gear 
parameters for application in control sys- 
tems and in data handling (computers), fac- 
tors weighed include tolerances, gear quality 
classes, choice of pressure angle and of 
pitch, minimum number of teeth, and gear 
cutting factors. 


© 919— Nuclear Radiation Damage to 
Transistors, July 1960, 9 pages. A report on 
the effects of nuclear radiation on n-base 
germanium, p-base germanium, n-base sili 
con, and p-base silicon transistor types. Se 
lected transistors representing these four 
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types were tested in an environment equiva- 
lent to that of a nuclear explosion. Damage 
data were analyzed so that behavior of pres- 
ently available transistors could be predicted 
and related to missile design. The mecha- 
nism of damage is explained and data analy- 
sis for radiation damage is given in graphs 
and charts. 


© 931—Relay Field Data Invited for 
Standards Program, July 1960, 7 pages. A 
report on the Eighth National Relay Con- 
ference, with emphasis on the objectives and 
progress of the Relay Testing Committee. 
Five award technical papers are summarized, 
covering a broad range of relay-development 
aspects. 


() 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Ex- 
amples 10 and 12 in this article (pages 10v, 
101 and 102). 


C) 947—The Postulates of Boolean 
Algebra in the Languages of English 
Words, Mathematics, Logic, Engi- 
neering, Geometrical Diagrams, Cir- 
cult Diagrams, and Truth Tables, 
April 1960. This 11 x 17 in. wall 
chart (from the April 1960 Science & 
Engineering insert) contains a com- 
pilation of the fundamental laws of 
Boolean algebra: the Laws of Com- 
bination, the Laws of the Unique 
Elements, and the Laws of Negation. 
For the designer of logical circuitry, 
this tabulation provides not only an 
at-a-glance “translation” from one 
symbolism to another, but also the 
conversion from sums to products 
(and vice versa). 


0) 916—Logic—and the Principles of Pro- 
gramming, July 1960, 8 pages. Programming 
techniques are based upon the principles of 
logical reasoning, expressed by a Boolean 
algebra, and the propositional calculus, Bas- 
ic principles are explained. Automatic pro- 
gramming and machine languages—designed 
for the scientist and engineer who has little 
knowledge of digital computers and who 
wants to write his own progratas—are pre- 
sented. Typical examples are given. 


() 926—Plastics Molding Materials for 
Structural and Mechanical Applications, 
May 1960, 11 pages. A review of plastics 
molding materials, based on structural and 
mechanical properties and design parameters. 
Newer materials are described in detail. Sig- 
nificance of test methods is discussed, with 
supporting tables and graphs. 


©) 920—Materials and Techniques for Mi- 
crominiaturization (Parts 1 and 2), May 
and June 1960, 16 pages. A combined re- 
print of a two-part article giving in detail 
the past, present, and future state-of-the-art 
of microminiaturization. Covers the reduc- 
tion in size and weight of all subminiature 
electronic component parts including: sub- 
strates, conductors, resistors, capacitors, pro- 
tective coverings, inductors, solid-state di- 
odes and transistors. Also includes thin-film 
techniques and integrated solid circuits. 


[) 949—How to Make Basic D-C Measure- 
ments, May 1960, 14 pages. Starting with a 
description of the standard resistor and the 
standard cell, this guidebook-type article 
shows in detail how direct-reading and uni- 
versal ratio sets can be calibrated by boot- 
strap methods, also how two standard types 
of instrument potentiometers can be cali- 
brated using the standard cell and a univer- 
sal ratio set. 


NOVEMBER 1960 


(] 948—Power-Supply Circuit Design by 
Digital-Computer Method, May 1960, 7 
pages. Designing power-supply circuits with 
the help of a digital computer relieves the 
design engineer of many time-consuming, 
routine chores. Laboratory data are com- 
pared with the computed data. 


pages. Elements of ball-bearing application 
factors in representative types of critical in- 
struments such as servos, synchros, resolvers, 
gyro gimbal bearings and gyro spin motors. 
Bearing design, materials, lubricants, load- 
ing, life expectancy and fits are discussed, as 
related to bearings approximately 1 in. OD 
and smaller. 


C) 941—Thermoelectric Heat Pumps, May 
1960, 6 pages. A two-in-one report on the 
cooling ability of commercial thermoelectric 
devices (3M and Westinghouse). Basic ele- 
ments of custom-designed semiconductor- 
type heat pumps and packaged component 
coolers are described. Examples of cooling 
problems are worked out. 


©) 934 — Distributed - Parameter Networks 
for Microminiaturization, April 1960, 6 
pages. An exploration of possible network 
characteristics obtainable by the method of 
sandwiched layers of conducting, dielectric 
and resistive films. By employing the distrib- 
uted network concept, it is demonstrated 
that circuit performance unobtainable with 
lumped-parameter arrangements can be 
achieved by the layer method. 


and Design Applications, April 
1960, 9 pages. The properties of copper and 
its alloys are related to the design needs of 
electronic equipment and systems. Applica- 
tions of materials to design parameters are 
illustrated and developed. 


Developments i 
February and April 1960, 20 pages. Design 
significance of research progress reported at 
the Fifth AIEE Conference on Magnetism 
and Magnetic Materials on: _basic phenome- 


(1 921—Powder Metallurgy Parts—Their 
Advantages in Design, March 1960, 9 pages. 
A definitive exposition of the advantages of 
powder-metallurgy techniques in design of 
electrical and electronic components. Spe- 
cific case histories illustrate design experi- 
ence with these compacted and sintered ma- 
terials. Properties and other design parame- 
ters are explored and illustrated by charts 
and photographs. 


©) 927—Fine-Pitch Gear Trains, March 
1960, 7 pages. Gear quality classifications, 
center-distance considerations, and backlash 
problems are discussed with respect to fine- 
pitch gear applications in electromechanical 
computers, servo-positioning feedback sys- 
tems, instruments and radars, and in line 
with current and projected ASMA standards. 


(1) 925—Electromagnet Coil Design Charts, 
March 1960, 3 pages. Since “wire size” in 
terms of either diameter or area is a primary 
factor in coil design of any kind, mathe- 
matical relations for design must include it. 
For practical reasons, wire size is a step 
function: only particular sizes are available. 
Coil design therefore becomes a matter of 
judicious compromise, involving successive 
approximations. Graphic methods are pre- 
sented for facilitating d-c and a-c coil de- 
sign to minimize repetitive computations. 


Derivations and examples support the design 
charts. 


O 915—Editorial Index to ELec- 
TRICAL MANUFACTURING for 1959. 24 
pages. This yearly subject-classified 
index is completely annotated. In- 
cludes author index, plus separate in- 
dices for Editorial page, Design 
Trends, and Research Notes depart- 
ments. Also reproduces the ELEc- 
TRICAL MANUFACTURING Subject Clas- 
sification and Alphabetical Subject 
Cross Index which form the basis of 
the index system. 


© 905—The Esaki “Tunnel” Diode, Feb- 
ruary 1960, 12 pages. Theory of operation 
of the most recent addition to negative-re- 
sistance semiconductors is explained in 
terms of the wave-like properties of elec- 
trons. The diode’s small-signal behavior is 
ae on its application as a low-noise am- 

lifier examined, and its noise figure of 
als established. Other uses are as low- 
level oscillator and an ultra-fast bistable 
switching device. 


(0 923—Design Techniques for Static In- 
verters—Parts 1 and 2, January and Feb- 
ruary 1960, 20 pages. Combined reprint of 
a two-part article giving the theory behind 
the circuits of a complete semiconductor in- 
verter (primarily for aircraft use) and prac- 
tical advice on the actual design of such 
instruments. The inverter is broken down 
into 5 subcircuits—oscillator, control, drive, 
power and filter—and many examples of var- 
ious types of each are given. Space, weight 
and efficiency problems are also considered. 


0 943—P-N-P-N Four-Layer Diodes in 
Switching Functions, January 1960, 7 pages. 
Theory of operation of two-terminal tran 

sistor-like devices which can be eee te by 
changing the voltage across them or the cur- 
rent through them. Applications include 
pulse generators and core drivers, ring coun- 
ters and multivibrators. Mathematical ex- 
pressions derived for operating parameters. 


0 944—Control System Representa- 
tions, December 1959, 3 pages. A 
chart showing seven basic control- 
system element classifications and 
their various common representations, 
including transfer functions, equiva- 
lent analog computer circuits, Bode 
diagrams, Nyquist diagrams and time 
constants. This reprint is now being 
included in the combined reprint of 
the recent series on “Automatic Con- 
trol System Design” by Ira Ritow 
(see p 215). For those who ordered 
the latter previously, this chart may 
now be obtained individually free of 
charge by circling the proper number 
on the Reader Service postcard at 
end of book. 


0 937—Effects of Temperature on A-C 
Magnetic of Nickel-Iron Alloys, 
December 1959, 6 pages. A report on the 
second half of a two-part study to provide 
design data for development magnetic de- 
vices and to observe temperature-compensa- 
tion parameters for existing applications. 
Results are reported in the form of curves 
for 60, 400, and 1000 cps describing varia- 
tion of core loss per unit of weight and rms 
exciting volt-amperes per unit of weight as 
temperature varies. Six alloys are reported 
for the temperature range —60 to +250 C 

(Continued on next page) 
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“There's no: 
substitute for 
experience” 


During the past 

40 years General 
Industries has 
produced millions 
of electric motors 
for users throughout 
the world... 


It’s literally true that any device or 
machine is only as good as the motor 
that powers it. That’s why leading 
manufacturers around the world prefer 
to rest their reputation on GI Smooth 
Power motors. They know that with 
40 years’ experience in designing 

and building sub-fractional hp motors 
for every requirement, GI can be 
counted on to produce the best motor 
for the job, at the lowest possible 
price. Next time you have to make a 
decision on a motor, remember, 
“There’s no substitute for experience.” 
Specify GI motors: quality-proved, 
millions of times over! 


Soin Puew 


AC MOTORS 1/1800 H. P. TO 1/35 H.P. 
TO MEET EVERY REQUIREMENT 
Catalog Available on Request 


MAIN PLANT: ELYRIA, OHIO 
Conveniently located 25 miles west of 
Cleveland on the main line of the 

New York Central Railroad, 

ond 16 miles from 

Cleveland airport. 


Other General 
industries’ piants: 
® Belleville, Ohio 

® Marysville, Ohio 

® Bald Knob, Arkansas 
® Putnam, Connecticut 


eT a7 ea ceed 


OEPT. GL ELYRIA, OHIO 


Circle 196 on Inquiry Card 


0 924—JIC Electrical Standards for 
Industrial Equipment, June 1957, 24 
pages. Revised specifications for the 
application of electrical apparatus to 
welders and other industrial equip- 
ment, as adopted by the Joint Indus- 
try Conference held in Detroit, March 
1957. Single reprints, no charge. Mul- 
tiple quantities may be obtained at 
the following prices: 5—$3.75; 10— 
$6.00; 25—$12.50; 50—$20.00; 100— 
$30.00. Send check with order pay- 
able to Evectrro-Tecuno.iocy, 205 
East 42 Street, New York 17 


0 917 — Motor-Blower Selection Factors, 
November 1959, 6 pages. Performance char- 
acteristics and factors such as relative space 
and cost of the two principal forms of blow 
er impeller are discussed. The economics 
and engineering aspects of direct motor 
drive are compared with belt drive for blow 
er as a guide for selection. 


(1) 939—Inherent Motor Overheat Protec- 
tion Moves inside the Field Coils, November 
1959, 8 pages. Two solutions to the problem 
of putting temperature sensors in the stator 
windings of induction motors are described, 
both involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature-coeffi 
cient resistor mode. Cutler-Hammer'’s ap- 
proach makes use of the well known negative 
temperature coefficient of thermistors ap- 
plied in a transistor circuit 


© 942—The Four-Bar Linkage as a Func- 
tion Generator, October 1959, 9 pages. Ad- 
vantages of the four-bar linkage as a com- 
puting and control element are outlined, 
with examples of both graphic and analyti- 
cal methods of linkage design and evalua- 
tion. 


(1) 922—Electronic Standards for Industrial 
Equipment, August 1958, 8 pages. Internal 
standards for the electronic portions of ma- 
chine control systems, prepared by the 
Plant Engineering Electronics Committee of 
General Motors Corp., are offered for gen- 
eral industry use in conjunction with the 
JIC Standards for Industrial Equipment (see 
Reprint 924) 


Postcard return forms are provided 
at end of book as a convenience to 


the reader in obtaining 


New Components and Materials 
Additional data from the sup 


plier of any item reviewed 


Literature for the Design Engineer 
A copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 


articles 


Advertised Products 
More information on any prod 


uct or service described 


Circle 197 on Inquiry Card > 
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THE TORRINGTON 





Have you nsidered the fact that 
normal excitation in your product can 
produce resonance and structural 
16 air Moving components? 
We have. and this fact is ‘pocketbook and 
problem insurance” for our customers 
For instance: We know that motor 
rotational frequencies.. blade fre 
quencies eareyeaaten oe Otel ale tee Le) 
oF) sources of excitation present 

in every fan or blower application. 
Nhen the above coincides with the 
nse of the unit, this means 
nance and—plenty met 
At Torrington, each product of ours 

Ss designed, engineered and tested for 
an optimum range of performance 

4 rT 
with harmful or costly resonances 
designed out."’ It pays to know these 
performance characteristics—and to 
take advantage of this kind of knowledge 
Check your air moving problems or 


mae AeM im eelaelay cel 


MANUFACTURING COMPANY 


ylifor as hester, Indiana: Oakville, Ontari 


Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering inserts or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
below. Orders must be accompanied by 
remittance (either in cash or check). 


Please add 3% City Sales Tax on 
orders for New York City delivery. 
Make checks payable to Erectro-Tecu- 
NOLOGY. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 


ORDER FORM | 
No. of 


Electrical Noise Bies wan wide 
Number—The Language of Engineering 
Digital Computing Machines . 

The Nature and Control of Corrosion 
Microwaves—Principles and Devices 

Basic Differential Equations . 

Electrical Analogs for Mechanical Systems 
Transformer Materials for Extreme Environments 
Ring Binder for Science & Engineering Reprints 
Introduction to Molecular Engineering 
Logic—and Switching Circuits 
Infrared—Fundamentals and Techniques 
Thermoelectric Effects 

Network Analysis 

Determinants and Matrices 

Sampled-Data Systems 

Automatic Controi System Design 

Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 
Fundamental Properties of Plastics 

The Electric Field inte 
Fundamental Nature of Shock and Vibration 
Key to Metals in Design Engineering . 

Heat Flow Theory ....... 

Fundamentals of Ferromagnetism 

Using Fourier Analysis in Design . 
Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 

Slide Rule Mathematics ... 
Casting Resins and Application Techniques 


TELE E ELE ELL ELLE LEE LEE LLL 


Total Copies 


TITLE . 


(Add 3% City Seles Tax for New York City delivery.) 
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Please enclose remittance 
(cash or check} with your order. 


Price 


$ 
Total Order 


TO: ELECTRO-TECHNOLOGY, 205 East 42 St., New York 17, N. Y. 


. STATE 


A A A 


dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


to 
uw 


Reprint Title 


Electrical Noise 

Theory of Numbers 
Digital Computing Machines 
Corrosion 

Microwaves 

Differential Equations 
Electrical Analogs 
Transformer Materials 
Molecular Engineering 
Logic 

Infrared 

Thermoelectric Effects 
Network Analysis 
Determinants and Matrices 
Sampled-Data Systems 
Microwave Amplifiers 
Digital Methods 
Properties of Plastics 

The Electric Field 

Shock and Vibration 

Key to Metals 

Heat Flow Theory 
Ferromagnetism 

Fourier Analysis 
Automatic Control Systems 
Boolean Algebra 

Slide Rule Mathematics 
Casting Resins 
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November 1960 
the 


electrical 


Electrical Noise, 
pages. Discussions of 
types and origins of 
lowed by detailed consideration of the 
effects of on system behavior. Ex 
amples are given of techniques for evalua 
ing system performance in terms of nose 
sensitivity and reduction Emphasis is 
placed on the concept of noise as a ran 
dom process, as distinguished from sys 
tematic or periodic interference $1.00 


Various mayor 


fil 


noise, 


nore 


C) Nember—The Language of Engincering, 
October 1960, 16 pages. The theory of 
numbers is concerned with the properties 
of integers. The modern engineer uses the 
theory of numbers—often without calling 
it by this name—for a wide range of prob 
lems, such as: the use of the sawtooth 
function to synthesize all types of discon 
tinuous waveforms, the partition function 
for circuit configuration, the representation 
of an integer as a sum of squares, etc, $1.00 


©) The Nature and Control! of Corrosion, 
September 1960, 12 pages. A basic study 
of the causes, mechanics and chemistry of 
corrosion. Interpretation of the basic types 
of corrosion and methods for prevention 
are outlined and discussed. Design conside- 
rations and specific types of materials and 
treatments are interpolated for control of 
specific types of corrosion encountered in 
engineering design. The nature and specifica- 
tion of materials are detailed for better un- 
derstanding of current literature. $1.00 
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© Microwaves — Principles and Devices, 
August 1960, 24 pages. An introduction to 
theory and techniques involved with that 
portion of the spectrum known as micro- 
waves. Basic laws and equations of electric 
and magnetic fields include a derivation of 
Maxwell's equations. From this foundation, 
the discussion proceeds to the propagation 
of microwaves in various media, including 
two-conductor, round and square wave- 
guides. Principles are applied to the design 
and use of four important, practical types 
of microwave equipment: the slotted line, 
the dummy load, rotary joints, and pre- 
selectors. $1.00 


() Digital Computing Machines, Oc- 
tober 1960, 24 pages. The funda- 
mental functional components of 
digital computing machines. Glossary 
of terminology. Tabulation of special 
world-wide survey of digital comput- 
ing machines conducted by E.ectro- 
TECHNOLOGY presents the essential 
characteristics of all digital com- 
puting machines in production and 
in advanced stages of development. 
Principles of operation and applica- 
tions for design engineers $1.00 


© Basic Differential Equations, July 1960, 
20 pages. Differential equations are mathe- 
matical models to describe relationships of 
mass, motion and time as functions of inde- 
pendent variables. In network applications, 
the independent variable is always time; in 
non-network applications it is length or 
time. The physical problems of the effects 
of mechanical forces, of temperature, of vi- 
bration, etc, expressed by mathematical 
symbols, can be analyzed and solved. Basic 
differential equations and methods of solu- 
tion are demonstrated $1.00 


© Electrical Analogs for Mechanical Sys- 
tems, June 1960, 20 pages. Dynamic states 
of mechanical systems are readily visualized 
and evaluated by translation of the system 
parameters into electrical network equiva- 
lents and the use of network analysis meth- 
ods. The reasoning behind the analog ap- 
proach, and the various analog forms which 
may be used, are explained and illustrated. 
Included are thorough discussions of the 
principle of duality of analog, the reasons 
for choosing a circuit or its dual for a par- 
ticular analysis, and the use of distributed- 
parameter networks (long lines) to simulate 
certain mechanical elements $1.00 


() Introduction to Molecular Engincering, 
May 1960, 20 pages. An examination of the 
concept, principles and techniques of mo- 
lecular engineering in terms of its ultimate 
use in the design of equipment and systems 
Part I defines molecular engineering as the 
application of molecular behavior to the de- 
sign of materials and devices of prescribed 
characteristics. The definitions are supported 
by brief examples. The various approaches 
to molecular engineering are examined 
Considerations such as purity and form of 
materials are discussed. Part II examines the 
elements of the classical macroscopic ap- 
proach to the behavior of materials as well 
as the microscopic or molecular approach. 
Part III provides extended examples of mo- 
lecular engineering in the areas of electrical 
insulation, microwave amplifiers, thin-film 
devices and microminiature electronics func- 
tion blocks. Tables, charts, literature refer- 
ences, and glossary. $1.00 


© Logie —and Switching Circuits, April 
1960, 36 pages. The fundamental principles 
of logical reasoning, contained in Aristotle's 
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syllogism, developed into the Boolean alge- 
bra and the logistics of the Principia Mathe- 
matica, and applied in circuit design and 
computer programming, are developed. The 
basic postulates are tabulated in their verbal, 
algebraic, diagrammatic, and circuit-sche- 
matic form. Modern logic is presented as a 
powerful tool for the engineer who must 
find the optimum out of many possible solu- 
tions to a problem for which there is no 
unique, neatly labelled true-or-false answer. 
The article deals with methods applied to 
solve the problems of circuit synthesis, the 
principles of circuit design, and the funda- 
mental ideas which can be applied to the 
design of the most complex circuitry. The 
principles underlying the design and use of 
computing machines are given. $1.00 


© Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. A com- 
prehensive introduction to the theory of one 
of the most rapidly growing fields in engi- 
neering. Basic principles of radiation and 
detection (including Wien’s Law, Rayleigh- 
Jeans Law) are derived and explained. Ef- 
fect of infrared on metals, ionic crystals, 
and semiconductors is described with regard 
to the use of these materials in infrared sys- 
tems and devices. Various types of sources, 
windows, prisms, detectors, and spectro- 
graphs are discussed qualitatively. Also in- 
cludes theory of use of infrared in practical 
applications such as thermal mapping, mis- 
sile tracking, chemical analysis, etc. $1.00 


© Thermoelectric Effects, February 1960, 
16 pages plus cover. Basic theories as devel- 
oped by Seebeck, Peltier and Thompson 
(Kelvin) are brought up to date in the light 
of new semiconductor thermopile com- 
pounds. Thermoelectricity is discussed from 
free-electron and thermodynamic points of 
view. Four basic applications of thermoelec- 
tric phenomena are considered: power gen- 
eration, heating, cooling, and temperature 
sensing. Author Robert P. Benedict, of 
Westinghouse Electric Corp., is an authority 
on thermocouples. $1.00 


() Transformer Materials for Ex- 
weme Environments, March. April, 
May and June 1960, 28 pages. A se- 
ries of four articles interpreting re- 
search and development on small 
transformers designed to operate un- 
der extreme environments of 500 C 
temperature and nuclear radiation. 
This series on the work carried ovt 
under Air Force and Bureau of Ships 
contracts presents the development 
and results of research on: electrical 
insulation materials, magnet wire 
(both wire and insulation), magnetic 
core materials, and transformer struc- 
tural materials used in the design of 
these components. $1.00 


© Network Analysis, January 1960, 28 
pages plus cover. With preliminary concen- 
trated treatment of elementary concepts of 
circuit analysis, the author presents a discus- 
sion of present-day practices in network en- 
gineering and their theoretical background. 
Network theory as a coherent and unified 
study is stressed, as contrasted with the less 
powerful and less useful traditional ap- 
proach to circuits which involved isolated 
and unrelated “methods” of analysis. $1.00 


() Determinants and Matrices, December 
1959, 20 pages plus cover. The electrical net- 
work is used as the primary example of the 
engineering problem in which analysis leads 
to mathematical systems of equations that 
readily become so numerous and involved 
as to require an objectionable amount of 


time for manipulation. The principles treat- 
ed in this article apply to all problems in- 
volving numerous mathematical statements. 
Included are specific rules for the use of 
determinants for solving systems of simul- 
taneous equations, including refinements of 
the basic procedures to apply to higher-order 
systems, and the underlying principles of 
matrix algebra with examples to demonstrate 
the time- and error-saving advantages of 
these two forms of mathematical short- 


©) Sampled-Data Systems, November 1959, 
20 pages. plus cover. An introduction to the 
analysis of closed-loop control systems in 
which the input or error signal is periodi- 
cally sampled (rather than continuously 
connected) as by a sampling switch, analog- 
digital converter, digital computer, etc. Pre- 
sents impulse-response, frequency-response, 
p-transform and z-transform methods. Shows 
how to plot Nyquist, Bode and root locus 
diagrams with z transforms. Written by 
Carl O. Carlson of the National Cash Reg- 
ister Co., whose contributions to the art in- 
clude: the use of the normalized sT plane 
for analyzing sampling adequacy, “pseudo- 
sampling” for determining between-sample 
response and the use of the z transform for 
table-generating function. The last is pre- 
sented for the first time in this article. $1.00 


© Lew-Nolise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus cover. 
An engineer-oriented examination of the 
basic quantum mechanical principles under- 
lying the operation of paramagnetic MASER 
amplifiers (including ammonia gas, two- 
level solid state, three-level solid state and 
optically pumped devices) and parametric 
MAVAR amplifiers (both semiconductor and 
ferromagnetic types) plus a brief introduc- 
tion to the tunnel-diode amplifier. Written 
by R. D. Haun, Jr., and T. A. Osial of the 
Westinghouse Research Labs. $1.00 


© Digital Methods in Measurement and 
Centrol, September 1959, 20 pages plus cov- 
er. This review of digital techniques covers: 
(1) characteristics and advantages of the 
digital, or numerical approach; (2) basic 
principles of coding, sampling and quantiz- 
ing; (3) digital components and techniques 
for logic and information storage, including 
flip-flops, AND, OR, NOT, NOR circuits, com- 
parators, memory devices and relative char- 
acteristics of cores, tubes, transistors and 
relays; (4) digital measurement devices, in- 
cluding pulse generators, counters, voltage 
converters, proximity pickups and position 
transducers; (5) digital control actuators. 
Written by Michael H. Nothman, Gilfillan 
Bros., Inc., Los Angeles. $1.00 


© The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The fun- 
damental science of polymeric materials is 
related to design engineering properties of 
plastics. Discussion covers: the molecular 
formation of polymers; the chemistry of ad- 
dition polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for me- 
chanical, electrical and chemical properties 
of polymers. Bibliography and glossary pro- 
vided. Written by Thomas D. Callinan, Re- 
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Hipernom’ magnetic alloy ¢ Extremely high 


permeability @ Very low coercive force @ Unusually sensitive to 
low magnetic fields © Composition eighty nickel, four molyb- 
denum @ Available in most forms 

Excellent for magnetic amplifiers, instrument transformers, 
magnetic shielding, sensitive relays. We’re ready to explore these 
and other applications with you. 

Write or wire: Westinghouse Electric Corporation, Metals 
Plant, Blairsville, Pa. oie 


*Trade-Mark 


You can be sure... if it’s 


Westinghouse (w) 
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search Center, International Business Ma- 
chines Corporation, and Alex. E. Javitz, 
Special Features Editor, ELectro-TRCHNOL- 
oayY. $1.00 


0 The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages 
plus cover. Contents include discussions of 
the following: Electrostatics; Electric Fields 
in Free Space; Electric Induction; Capaci- 
tance; Mechanical Considerations; Field Ef- 
fects in Devices $1.00 


© The Fundamental Nature of Shock and 
Vibration: Theory, Character, and Mecha- 
nism of Damage, Principles of Testing, June 
1959, 20 pages plus cover. The nature of 
shock and vibration is given in terms of 
classical physics and mechanics. The major 
types of vibration are discussed (periodic, 
random, structural and airborne); also the 
major types of shock (velocity, simple im- 
pulse, single complex and multiple). Com- 
bined environments are also treated. A sec- 
tion is devoted to the effects of shock and 
vibration on missile electronic components. 
Types of damage are tabulated and ana- 
lyzed; principles of testing are given; specifi- 
cations are summarized. Glossary and Bibli- 
ography included. Author is Dr. Irwin 
Vigness, Head, Shock and Vibration Branch, 
Mechanics Division, U. S. Naval Research 
Laboratory $1.00 


O Key to Metals in Design 

May 1959, 24 pages. Basic principles of met- 
allurgy are presented and structural charac- 
teristics of metals related to design concepts. 
Physical and mechanical properties of met- 
als defined. The nature and specifications of 
metals are detailed for better understanding 
of current literature. The effects of environ- 
ment and mechanisms of damage are illus- 
trated. Iron and steel, alloys of aluminum, 
precious and rare metals, copper, nickel and 
magnesium are presented in their basic de- 
sign relationships to fundamental properties 
Written by S. H. Avner, N.Y.C. Community 
College, and Harold E. Barkan, Associate 
Editor, ELectro-TECHNOLOGY. $1.00 


© Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major analytical 
techniques developed over the years to solve 
heat flow problems. Basic equations for 
conduction, convection and radiation are 
derived. Dimensional analysis is used to es- 
tablish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection expres- 
sions. Empirical equations are solved using 
simulated experimental data. Examples are 
chosen from electrical and electronic (tran- 
sistor) applications. Written by Allan D. 
Kraus, an clectromechanical engineer at 
Sperry Gyroscope Company. $1.00 


© Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the 
study of magnetism, derived from modern 
solid-state physics. Explains magnetic be- 
havior and properties of magnetic materials 
in terms of fundamental electron interac- 
tions. Includes: Origins of Ferromagnetism, 
Internal Structure of Ferromagnetic Mate- 
rials; Magnetization Curves; Time Effects in 
Soft Magnetic Materials; Effects of Atomic 
Ordering in Alloys; Interactions for Heter- 
ogeneous Systems; Magnetic Materials of the 
Present and Future. Written by Anthony 
Arrott and J. E. Goldman of The Scientific 
Laboratory, Ford Motor Co. $1.00 


© Using Fourier Analysis in Design, Feb- 
ruary 1959, 16 pages. In system and subsys- 
tem design, Fourier analysis permits the de- 
sign engineer to design or select devices for 
a particular transient performance solely on 

(Continued on page 215) 
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Over 16,000 manutacturers of electrical products care enough 
about quality to use only the finest...even where it can't be seen. 


“SCOTCH? Brand Electrical Tapes 
"“SCOTCHCAST? Brand Resin Insulations 
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0800 Series 


Four McGill 0800 Rocker Switches (20 amp. 
125V capacity) are integral parts of the 
flexible programming system of the popular aes . 
SPEED QUEEN Automatic Washer. Three ene a 
McGILL 0800 Rocker Switches are also used ; P 10 amp. 250V AC 2 hp 
the SPEED QUEEN Automatic Clothes 
Dryer. 
ROCKER SWITCHES 
McGILL Rocker Switches meet the appear- 
ance, operational, dimen oa and cost re- 


f a wide range of appliance and 


quirements ol 
many varied electrically powered equipment 
applications. Hundreds of variatior with 
respect to actuator colors ; 
ing brackets, circuitry 

ailable to meet your specific requirements 
Heavy duty construction an 
nsure lor y life. Contacts of 
oxide on spe ial copper, sil 
nals and connecting part 
resisting phenolic, The 
switches reflect tl 


GILL switches and 
over fifty years. 


for lasting dependability! 


MOMENTARY CONTACT <=. TOGGLE SWITCHES 
aoe | ea OG EE 


' and 
mplified switching action — 


precision wound 
: the 


y 130 amy 
125 V DC and 2 > HP 250V 
ith silver cadmium oxide. 


YP BUTTON emgser : ; NEW CATALOG 
push button switch with “T” rating o the asking 
6 amp. 125V, 3 amp. 250V 


Bakelite case, wire leads 


71-P Series 


SPECIAL SWITCHES engineered electrical products - 
“6 


Typical of special switches is the No. S 
1601 « pen blade snap switch, up to 10 1601 Series 4& ois si 
amps. Whether it is a modification of 
a sting switch, or a completely new one, chances are we 

“an help you with the switch that will do the job just right — precision needle roller bearings 

nd save you money and assembly time, too. : 

McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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the basis of their steady-state sinusoidal per- 
formance. A_ thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular 
problems often encountered. Written by Ira 
Kitow, Airborne Instruments Laboratory. 
$1.00 


——————" COMPENDIUMS 


} Automatic Control System Design, 64 
pages plus cover. A practical textbook, com 
plete as to theoretical detail, on the design 
of servomechanisms. In the process of de 
scribing design by transfer function, system 
equation, and root-locus mechods, techniques 
of analysis such as Bode diagrams, Routh’s 
criterion, and Nyquist plots are also present 
ed. Includes background material on com- 
plex variables and Laplace transforms, bibli- 
ography for further study. Originally pub 
lished in ELecrricaL MANUPACTURING as 28 
series of six articles. Includes: Control Sys- 
tem Representations, December 1959 issue 
a two-page chart showing seven basic con 
trol-system element classifications and theirs 
various common representations, including 
transfer functions, equivalent analog com 
puter circuits, Bode diagrams, Nyquist dia- 
grams, and time constants. Written by Ira 
Kiuow, Airborne Instruments Laboratory 


$3.00 


Engineering Applications of Boo- 
lean Algebra, 68 pages. A design 
guide to the analysis and synthesis of 
switching circuits and logic systems 

both combinational and sequential 

in any medium: mechanical, elec- 
trical, hydraulic, electronic or solid 
state. Includes five previously pub- 
lished articles plus a never-before-pub- 
lished appendix. Written by Boris 
Beizer, Airborne Instruments Labora- 
tory, and Stephen W. Leibholz, Re- 
public Aviation Corporation $2.00 


() Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. A 
practical guide to the understanding of the 
slide rule and its application to engineering 
problems, this combined reprint traces the 
logical development of the slide rule's fun 
damentals and compiete concise instructions 
for its use. Major topics include: The Basic 
Slide Rule; Variations on Basic C-D Opera- 
tion; Trigonometry: The Log-Log Scales; 
Vector Diagrams; Hyperbolic Functions 
Phasor Calculations; The Circular Slide 
Rule. Written by Ira Ritow. $1.00 


[) Five-Year Annotated Editorial Index to 
Electrical Manufacturing, 60 pages. A short- 
cut to research for design engineers. Book 
lists, by functional subject classification and 
with succinct annotations, every feature 
article and major “Design Trends” short 
article published in EvectricaL MANUPAC- 
TURING during the 5-year period from 1951- 
1955. $1.50 


() Casting Resins and Application Tech- 
niques, 52 pages. Eight previously published 
articles dealing with the embedment, en- 
capsulation, and impregnation of circuit 
units and components. Individual articles 
cover: property data on casting resins; eval- 
uation tests on resin systems; results of en- 
vironmental tests on embedded units; process 
control problems. Annotated bibliography of 
articles is included. $2.00 


For other reprints, see the Editorial Re- 


prints Available section starting on page 206 
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STRIP AND 


MILLER OFFERS YOU 


NE-SOURCE 
SERVICE 


ON SPECIALTY ITEMS 


Long a leader in the tailor-made production of brass, bronze and 
nickel silver strip, Miller now offers the same expert technical 
help... the same meticulously produced high-grade metal . . . 
the same dependable delivery schedule on copper and copper- 
alloy tube in special shapes and sizes. And, as always, “‘phos- 
phor bronze is the main line—not a side line at Miller.”’ 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press . . 


. including 


catalogs, manuals and other reference publications relating to components 
and materials for designed-in use in electrically energized end products. 


TELEPHONE RELAYS 


Four-page, full-color folder describes 
line of telephone relays, along with 
chart of all electrical and mechanical 
characteristics of seven basic types of 
relays. Nomogram for relay operate 
time included. Technical Information 
Dept., Potter & Brumfeld, Div. of 
American Machine & Foundry Co., 
Princeton, Ind. 

Circle 756 on postcard at end of book 


MINIATURE SEALED RELAYS 


Three data sheets list specifications of 
hermetically sealed and _ crystal-can- 
size relays. Includes dimensional draw- 
ings showing mounting and terminal 
arrangements. Relays meet MIL-R- 
25018. Elgin Advance Relays, Elgin 
National Watch Co., 2435 North Naomi 
St., Burbank, Calif. 

Circle 757 on postcard at end of book 


CRYSTAL-CAN-SIZE RELAY 
Four-page engineering bulletin  in- 
cludes electrical and mechanical spec- 
ifications, dimensional diagrams and 
engineering data for the Type AR four- 
pole or two-pole miniature relay and 
the MTRH time-delay relays. Relays 
meet’ requirements of MIL-R-25018 
and MIL-R-5757C. Branson Corp., 41 
So. Jefferson Rd., Whippany, N. J. 
Circle 758 on postcard at end of book 


SEALED D-C RELAYS 


Data ‘sheet describes sensitive relays, 
types RSH-3D and RSH-6D, which 
feature adjustable drop-out-to-pull-in 
ratio for marginal operations. Lists 
electrical characteristics, contact ar- 
rangements, mounting variations. Al- 
lied Control Co., Inc., 2 East End Ave., 
New York 21. 

Circle 759 on postcard at end of book 


ELECTRONIC TIME-DELAY RELAY 


Specifications, description of operation, 
and illustrated application data are 
contained in 4-page Bulletin 159 de- 
scribing cold-cathode tube tinie-delay 
relay. Relay is modular plug-in type, 
allowing any number to be intercon- 
nected for programming. G. C. Wilson 
& Co., Huntington, W. Va. 

Circle 760 on postcard at end of book 
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PLUG-IN D-C AMPLIFIER 


One-page illustrated engineering bulle 
tin contains specifications of line of 
low-level solid-state plug-in d-c ampli- 
hers. Natel Engineering Co., 15922 
Strathern St.. Van Nuys, Calif. 

Circle 761 on postcard at end of book 


ANGULAR ACCELEROMETERS 


Six-page brochure lists applications 
and specifications of angular servo a 
celerometers. Units described are in 
tended for control and measurement of 
missile and. aircraft flight dynamics, 
structural analysis, servo systems, and 
inertial guidance systems. Donner Sci- 
entific Co.. Concord, Calif. 

Circle 762 on postcard at end of book 


SHAFT-POSITION INDICATOR 


Product Specification A23 describes 
series SR-114 servo repeater which in 
dicates angular position of a remote 
shaft in digital form. Specification lists 
dynamic characteristics, power re 
quirements, applications. Datex Corp.. 
1307 So. Myrtle Ave., Monrovia, Calif 
Circle 763 on postcard at end of book 


MEASUREMENT TRANSDUCERS 
Catalog G-100 is a four-page illustrated 
brochure describing systems and differ- 
ential-transformer type pick-ups avail 
able for continuous indicating and 
monitoring of minute dimension 
changes, Measurement Control Devices, 
P.O. Box 505, Camden, N. J. 

Circle 764 on postcard at end of book 


MACHINE-CONTROL TAPE 


Bulletin 1313 is a 2-page data sheet on 
Peerless fiber control tape made in 
widths from ™4¢ to 1 in. for machine 
tool control. Physical properties, spec- 
ifications, prices, sizes and delivery 
data included. National Vulcanized 
Fibre Co., 1060 Beech St., Wilmington 
99. Del. 
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16-MM TAPE PROGRAMMERS 


Tape programmers, designed to control 
sequence of events of wide variety of 
electromechanical 
scribed and illustrated in 4page bro- 
16-mm 


devices, are de 


chure. Use polyester tape 


Specifications of the 1200-pulse, 4 
channel unit are included. Meet MII 
E-5272 or MIL-E-4970. Lundy Mfg 
Corp., Glen Head, L.L, N. Y. 

Circle 766 on postcard at end of book 


A-C TO D-C CONVERSION 
Application notes and technical data 
sheet, 6 pages, describe method of con 
verting a-c to d-c by using solid-state 
amplifiers and semiconductor switches 
on modular printed circuit boards 
Block diagrams illustrate system oper 
ation; performance specifications are 
included. Adage. Inc., 292 Main St 
Cambridge 42, Mass 

Circle 767 on postcard at end of book 


DIGITAL LOGIC CONFERENCE 
i 


\ 72-page booklet records the Proceed 
ings of the 1960 First Users’ Confer 
ence on Dynamic Digital Logic. Papers 
in the Proceedings report new and in 
teresting applications of solid-state dy 
namic digital circuitry, their versatility 
and future possibilities. Computer Con 
trol Co., Inc.. 983 Concord St.. Fram 
ingham, Mass 
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ELECTRIC MOTORS 


A 14-page catalog containing tabular 
data for designing, selecting, and spe 
ifying fractional and integral-hp mo 
tors. Of particular interest to original 
equipment manufacturers who require 
special motor designs. Presents con 
struction and dimension data. Doerr 
Electric Corp., Cedarburg, Wis. 
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SPEED VARIATOR 
Eight-page bulletin GEA-7019 de 


adaptability of 
speed variator, utilized where d-c speed 


scribes Thymotrol 
control is essential. Unit converts a- 
to d-« 
cludes illustrated information on fea 
modifications incorporated 


power by thyratron tubes. In 


tures and 
into non-standard units. General Elec- 
tric Co., Schenectady 5, N. Y. 

Circle 770 on postcard at end of book 


CONTACT PROTECTION 


Four-page bulletin discusses theory of 
are suppression and contact protection 
using silicon diodes. Describes how a 
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Never before 
a power supply ‘oa 
to meet so , 


many of your 


amp 


requirements — @) UTPUT 1 


KYO Act Aad 


120 watt output, fully regulated for high power transistor and other applications! 
Fully adjustable output with current limiter for safe low power applications! 
Extremely low noise and ripple, less than 250 piv, for more applications! 

High order of line, load and temperature regulation for maximum stability! 


Meets all specs from 0 to 55°C! 


New # 722AR provides fully regulated output 0 to 60 v, 0 SPECIFICATIONS, # 722AR 


to 2 amps. Noise and ripple are less than 250 ,.v rms. Continu- Rated Output: 
ously adjustable safety circuit limits maximum current flow, 

prevents overload damage to transistors under test. Remote Line Regulation: 
sensing terminals are provided so that the ohmic resistance of 

the supply lead does not affect regulation. Temperature-stable Load Regulation: 
components insure dependable, “within spec” performance 

from 0 to 55°C. Good temperature stability also assures con- Noise and Ripple: 
stant, reliable output. Load regulation less than 5 mv for 0 to Output Vernier: 
2 amps change. Load voltage and current meters and three- 
terminal output are provided (pos. or neg. to ground or float- 
ing). Output terminals duplicated front and rear. Floating 
output permits series connection for higher voltages. And the ioe tt 
% 722AR costs only $525.00! Cutpat Impedance: 


OTHER 4% REGULATED AND KLYSTRON POWER SUPPLIES: ere 


4% 711A Laboratory Power Supply, 0 to 500 v @ 100 ma, Protection: 
$250.00 (cabinet), $255.00 (rack mount); # 712B Power 

Supply, 0 to 500 v @ 200 ma, $365.00 (cabinet), $350.00 

(rack mount); # 715A Klystron Power Supply, Beam 

250 to 400 v @ 50 ma, Repeller 0 to 900 v, $300.00; # 721A 

Transistor Power Supply, 0 to 30 v, 150 ma, $145.00. 


Data subject to change without notice. Prices f.o.b. factory. 


Temperature Stability: 
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0 to 60 v de 
0 to 2 amps dc 


Less than 2.5 mv for + 10% line voltage 
change; any output between 0 and 60 v. 


Less than 5 mv for 0 to 2 amps change; 
any output between 0 and 60 v. 


Less than 250 uzv rms 
Range, 1.3 v; resolution, 5 mv. 


Better than 0.02%/°C or 5 mv/°C, which- 
ever is larger 


0 to 55°C for operation within specifications 


Dc: Less than 2.5 milliohms 
Ac: Less than 5 milliohms in series with 4 wh 


Voltage: 0 to 60 v, one range 
Current: 0 to 2.5 amps, one range 


Output current limiter continuously adjust- 
able from less than 100 ma to 2.2 amps 


Forced air 

19” wide, 544” high, 12” deep 
Net 34 Ibs. 

$525.00 





A pair weighs 0.73 grams; they are .380 | 
square; there are 12 gold-plated beryllium 
copper contacts on .075 centers: this is § 
Micro Mod, AMPHENOL’s new connector § 
family for modular circuitries! & 


Available in two constructions, Micro Mod 
can be used with module (“or stick”) circuits 
or in cable plug applications—wherever § 
micro-miniaturization must be combined § 
with outstanding reliability. 


96-4 plug is used with 96-3 receptacle; the 
latter is supplied less contacts—the module 
leads are used to form the female contacts. 
96-2 plug is supplied with a polarizing | 

key assembly, mates with 96-1 receptacle. 
- Micro Mod, Micro Min (19 and 38 
contacts) and Micro Edge (15 contact 
“eo” P.C. receptacle) are available now | 


for your evaluation. Write for ie 
information and cataloging. eas ( 


CONNECTOR DIVISION 


1830 South 54th Avenue, Chicago 50, Illinois 
Amphenol-Borg Electronics Corporation 


| 


| 
j 


| 


| 
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semiconductor can be plac ed across 
coil of inductive load to prevent gen- 
eration of voltage surge. Examples of 
circuit schematics and equations are 
included, General Instrument Corp., 65 
Gouverneur St., Newark 4, N. J. 

Circle 771 on postcard at end of book 


TANTALUM CAPACITOR 


Bulletin 6.100-5 contains specifications, 
performance characteristics, rating» 
curves and application data of wet-typ« 
tantalum capacitors. Includes detailed 
description of seal design, covers “PP” 
type capacitors ranging from 325 to 
1.75 wf, working voltages for operation 
at 85 C at full ratings. Fansteel Metal 
lurgical Corp., Rectifier-Capacitor Div., 
North Chicago, Il. 

Circle 772 on posicad at end of book 


MINIATURE FIXED INDUCTORS 
Two-page data sheet provides speciti 
cations, quantity and delivery data on 
Therm-L axial-lead encapsulated high 
Q fixed inductors, 0.310 in. diam by 
0.953 in. Units rated to 375 C. Nytron 
ics, Inc., Essex Electronics Div., 550 
Springfield Ave., Berkley Heights, N.J 
Circle 773 on postcard at end of book 


MAGNETIC SHIFT REGISTERS 


Illustrated 4-page bulletin § include 
diagrams, typical characteristics and 
discussion of digital wide-width shift 
registers. Magnetics Research Co., 255 
Grove St.. White Plains, N. Y. 

Circle 774 on postcard at end of book 


TOROIDAL COMPONENTS 


Fight-page brochure describes line of 
miniature toroids and standard toroid 
coils. Data include’ characteristi 
curves, value tables, mechanical di 
mensions and mounting arrangements 
Electro-Magnetic Div., Johnson Ele« 
tronics, Inc., P. O. Box 1675, Cassel 
berry, Fla. 

Circle 775 on postcard af end of book 


PILOT-LIGHT HANDBOOK 


Dialeo handbook of pilot lights ex 
plains how to select proper pilot light 
for required lamp. Lamps, dimensions, 
lens styles, finishes, optional features 
and specific assemblies designed to re 
ceive the lamps are discussed in 256 
page illustrated catalog. Catalog avail 
able by filling out application form 
supplied upon circling inquiry number 
below. Dialight Corp., 60 Stewart Ave. 
Brooklyn 37, N. Y. 

Circle 776 on postcard af end of book 


GOLD-CONTACT MINIATURE 
SWITCHES 


Four-page Data Sheet 175 describes 
miniature gold-contact switches used 
for variety of millivolt and milliampere 
applications. Included are photos, di- 
mension drawings, mechanical charac- 
teristics, electrical ratings and price 
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Free from Thermal Fatigue 


SOFT SOLDER FAILURE—As soft-solder joints 
are stressed by cyclical loads, solder begins 
to re-crystallize. (Photomacrograph above 
shows soft solder after 7000 cycles from 25°C 
to 160°C.) This causes heat dissipation path 
of rectifier to deteriorate until junction tem- 
perature reaches melting point or thermal 
runaway condition, and device fails. 


GENERAL ELECTRIC 6,12 AND 25-AMP. SILICON RECTIFIERS 


NO THERMAL FATIGUE — General Electric 
uses only hard solders in medium and high- 
current silicon rectifiers. (Note sound condi- 
tion of G-E hard solder shown above.) 
Cycling tests on large samples of G.E.’s 
1N2154 reveal no trace of thermal resistance 
deterioration after 70,000 temperature 
cycles from — 35°C to 200°C. 


2 


Max loc 


A close look at the specs shows three more 
@ 145°C 


reasons why G-E medium currents are your 


Stud 
. Single Repeti- Transient 
best rectifier buy: (1) Lower leakage currents; Phase tive PRV PRY 


INI341A 
1N1342A 
INT343A 
IN1344A 
1N1345A 
1N1346A 
INI347A 
IN1348A 
INTI9O9A 
1N1200A 
INT201A 
1N1202A 
1N1203A4 


(2) high surge current ratings for the new 

1N1341A through 1N1206A and 1N2154 
through 1N2160; (3) transient PRV ratings which let you 
buy only the continuous rating you need and still be fully 
protected for occasional transients. All units are available 
with negative polarity (at no extra cost) and come in a 
choice of hex sizes. 

For the industry’s fatigue-free medium-current silicon 1N1204A 
rectifiers, see your G-E Semiconductor District Sales Seaenan 
Manager or Authorized Distributor. Jn Canada: Canadian 1N248 
General Electric Co., 189 Dufferin St., Toronto, Ontario. aa 
Export: International General Electric Co., 150 E. 42nd St., WeneeA 


1N249A 
New York 17, N. Y. 1N250A 


1N2154 
1N2155 
1N2156 
1N2157 
1N2158 
1N2159 
1N2160 


Circvit designers: Make your job easier! Write for a free copy 
of “Characteristics of Common Rectifier Circuits.” Contains 
basic constants you'll use every day on rectifier circuits and 
transformer design — all in handy, easy-reference form. 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 


Section $20110 Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 
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data. Micro Switch Division, Minne- 
apolis-Honeywell Regulator Co., Free- 
port, Ill. 

Circle 777 on postcard at end of book 


TRIODE “C-BAND OSCILLATOR 


Technical Data Sheet No. C-1 describes 
Model 101C “C”-band triode oscillator 
tube. Continuously tunable in 500 me 
steps from 4200 to 6000 mc. Voltage 
required for plate is 155 volts; for fila- 
ment, 6.3 volts. Unit weighs 9 oz. John 
Gombos Co., Inc., Webro Rd., Clifton, 
N. J. 

Circle 778 on postcard at end of book 


SELENIUM RECTIFIERS 


Eight-page brochure presents line of 
rectifiers covering 
current range from microamperes to 
kiloamperes. Lists electrical character- 
istics, dimensions; illustrates available 
designs. Units meet military specifica- 
tions. Edal Industries, Inc., 4 Short 
Beach Rd., East Haven 12, Conn. 

Circle 779 on postcard at end of book 


vacuum-de posited 


CARBON-FILM RESISTORS 


Four-page brochure contains specifica- 
tions, graphs, charts and illustrations 
on standard, molded and hermetically 
sealed miniature resistors. Technology 
Instruments Corp., 531 Main St., Acton, 
Mass. 

Circle 780 on postcard at end of book 


VERSATILE OSCILLATOR 


Complete specifications are included in 
2-page illustrated data sheet on a her- 
metically sealed 3-mc oscillator of 
crystal type with a wide range of ap- 
plications. Uses thermistor tempera- 
ture control. Motorola Inc., Communi- 
cations and Industrial Electronics Div., 
4501 W. Augusta Blvd., Chicago 51. 
Circle 781 on postcard at end of book 


FLOW SWITCHES 
Applications, specifications and gen- 
eral description of vane-type flow-actu- 
ated electrical switches are given in 
8-page illustrated catalog. Power En- 
gineering and Equipment Co., Inc., 
826 West 213 St., Torrance, Calif. 

=: Circle 782 on postcard at end of book 


TERMINAL STRIPS 


Guide Book to Terminal Strips con- 
tains 12 pages of drawings, tables, dia- 
grams and other data on standard ter- 
minal strips for electronic applications 
Basic lugs are shown separately, then 
combined to form variety of strips. 
Mandex Mfg. Co., Dept. EF-2, 2614 W 
18 St., Chicago 32. 

Circle 783 on postcard at end of book 


TUNNEL DIODES 
Four-page folder on tunnel diodes 
wWX822A and WX822B contains full 
electrical 


mechanical and specifica- 


tions, along with explanation of the 
close tolerances obtained by exclusive 
dendritic process by which these heavi- 
ly doped semiconductors were grown. 
Westinghouse Electric Corp., Semicon- 
ductor Dept., Youngwood, Pa. 

Circle 784 on postcard at end of book 


POWER TRANSISTORS 


Bulletin B221-2, 3 pages, lists specifi 
cations of series CTP germanium high- 
current-switching transistors. Included 
are drawings illustrating case configu- 
rations, also design data chart. Elec- 
trical characteristics are graphically 
plotted for typical transistors. Clevite 
Transistor, Waltham, Mass. 

Circle 785 on postcard at end of book 


WAVEGUIDE ROTARY JOINTS 

Catalog RJ-'60 is a 4page illustrated 
bulletin describing  stock- 
design rotary joints. Complete electri- 


technical 


cal and mechanical specifications for 
24 models are included. Microwave 
Development Laboratories, 92 Broad 
St., Babson Park 57, Wellesley, Mass 


Circle 786 on postcard at end of book 


D-C AMPLIFIERS 


Bulletin SCE-1, 8 pages, lists zpplica 
tions, features and complete specifica- 
tions of four products essential to low 
level data-acquisition systems. Bulletin 
describes a floating wideband amplifier 
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(d-c to 40 ke), wide-band impedance 
converter (1 cps to 100 kc), and a dif- 
ferential isolator which is a d-c to 20 
ke transformer. Computer Engineering 
Associates, Inc., 350 N. Halstead, Pasa- 
dena, Calif. 

Circle 787 on postcard at end of book 


SPACE-VEHICLE POWER SYSTEMS 


Eight-page bulletin PIB-A-9 describes 
electrical power systems for missiles, 
satellites and space vehicles. Includes 
analyses of solar thermionic, photo- 
voltaic cell, fuel cell, storage battery, 
reactor, thermoelectric and 
magnetohydrodynamic power systems. 
Missile and Space Vehicle Dept., Gen- 
eral Electric Co., 3198 Chestnut St., 
Philadelphia 1. 

Circle 788 on postcard at end of book 


SILICON-DIODE POWER SUPPLIES 


Illustrated 2-page Bulletin SE-102 de 
scribes line of magnetic-amplifier con- 
trolled d-c power supplies using sili- 


nuclear 


con power diodes. Units rated from 
100-1500 amp, 14-36 volts. Sprague En 
19300 S 
Ave., Gardena, Calif. 

Circle 789 on postcard at end of book 


gineering Corp., Vermont 


TRANSISTORIZED POWER SUPPLY 


Data sheet lists specifications of Model 
500 transistor-type dual power supply. 
Two separate outputs of 10 to 20 volts 
at 200 ma are provided. Features 0.2 


Trucks don’t have to run over elec- 
tric cords. But they do. 

That's why people who buy your 
product need a tough cord. One 
that is mechanically strong. One 

that resists acids, alkalies and oils. One that 
ages well in sunlight and weather. One that 
won't support combustion. 

You get all these characteristics rolled into 
one when you select a Rome 60 Type SO 


per cent regulation, current and volt- 
age monitoring, overload protection, 
thermal cut-out. Burr-Brown Research 
Corp., Box 6444, Tucson, Ariz. 

Circle 790 on postcard at end of book 


MOLDED KNOBS 


One-page data sheet shows and de- 
scribes series of knobs molded to MIL- 
P-14. Various finishes available with or 
without special shaft holes, other mod- 
ifications. Rogan Brothers, 8025 N. 
Monticello Ave., Skokie, Ill. 

Circle 791 on postcard at end of book 


ZINC, NYLON FASTENERS 


Two-page illustrated bulletin 2002-1 
describes one-piece washer-wing nuts, 
washer-cap nuts, and zinc-alloy fasten- 
ers with integral washers. Self-insulat- 
ing nylon fasteners are also described. 
Gries Reproducer Corp., 400 Beech- 
wood Ave., New Rochelle, N. Y. 
Circle 792 on postcard at end of book 


PLASTIC LENS 


Two-page bulletin plastic 
lenses that are insensitive to thermal 


de« ribes 


shock, offer resistance to chipping and 
breaking. Lenses can be machined, 
drilled; relatively distortion-free, are 
approximately half the weight of opti- 
cal glass. Fostoria Corp., Buck and 
County Line Rds., Huntingdon Valley, 
Pa. 

Circle 793 on postcard at end of book 


heavy-duty portable cord. 


The high-quality rubber insulation used 
with Rome 60 is suitable for 75 C operation, 
providing good overload protection and long 
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WRITE-ON LABELS 


Bulletin 131, 8-pages, lists line of self- 
sticking write-on labels. Require no 
moistening or activators. They adhere 
to metal, wood, glass, ceramic or plas- 
tic surfaces. Printed on vinyl cloth, 
aluminum foil, or paper. W. H. Brady 
Co., 727 W. Glendale Ave., Milwaukee 
9, Wis. 

Circle 794 on postcard at end of book 


SOCKET-HEAD CAP SCREWS 


Advantages of new industry standards 
for socket screws (adopted April 
1959) are explained in 6-page bro- 
chure, which also lists complete dimen- 
sional data on both new-design and the 
1936 standard screws, available until 
year end. Six pages of thread-length 
charts provided with brochure. Stand- 
ard Screw Co., 2701 Washington Blvd., 
Bellwood, III. 

Circle 795 on postcard at end of book 


SHOCK ISOLATOR 


Data sheet describes Series B64 shock 
and vibration isolator for use in air- 
craft and missiles. Presents design 
curves, recommended min and max 
loads. Drawing illustrates configuration, 
mountings. Barry Controls, Inc., 700 
Pleasant St., Watertown 72, Mass. 


Circle 796 on postcard at end of bovk 


FACTS ABOUT PLASTICS 
Pocket-sized six-page folder compares 


life. On the outside you have Roprene, a neo- 
prene jacket lead-mold cured to a tirelike 
toughness. 

So forget about abrasion, chemicals, mois- 
ture, weather. Standardize on Rome 60, the 
portable, heavy-duty cord designed for rugged 
service. Choose from sizes No. 18 to 10 AWG, 
two to six conductors, 0-600 volts... For com- 
plete specifications, write to the Rome Cable 
Division of Alcoa, Dept. 24-110, Rome, N. Y. 


For applications not requiring a premium lead- 
cured jacket, Rome 50 portable cord will provide 
cost savings. 


ROME CABLE 
Division OF ALCOA 
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properties and typical industrial appli- 
cations of 13 major plastic families in 
common industrial use. Included are 
acrylic, nylon, Teflon, polyethylene, 
flexible and rigid vinyl, cellulose ace- 
tate, polystyrene, phenolic and fibrous 
glass reinforced polyesters and expoxies. 
Five major misconceptions about plas- 
tics are discussed. Cadillac Plastic & 
Chemical Co., 15111 2nd Ave., Detroit 
3. 

Circle 797 on postcard at end of book 


EXPANDED TEFLON TUBING 


Bulletin 3E explains how expanded 
Tefion tubing is shrunk over other 
parts or tubing for mechanical and 
electrical protection. The 2-page data 
sheet also contains full specifications 
for a variety of sizes. Pennsylvania 
Fluorocarbon Co., Inc., 1115 N. 38th 
St., Philadelphia 4. 

Circle 798 on postcard at end of book 


EXPANDABLE POLYSTYRENE 


Fabrication, applications and advan- 
tages of expandable polystyrene are il- 
lustrated in 6-page Brochure 2-660. 
Consists of small beads and expanding 
agent. Weber Plastics, Inc., Stevens 
Point, Wis. 

Circle 799 on postcard at end of book 


HIGH-TEMPERATURE ALLOY 
Sixteen-page booklet on high-tempera- 


ture alloy of iron, chromium, nickel 
and cobalt contains charts, tables and 
graphs on physical and chemical prop- 
erties of the metal. Resists oxidization 
to 1900 F. Haynes Stellite Co., Div. of 
Union Carbide Corp., Kokomo, Ind. 
Circle 800 on postcard at end of book 


GOLD-CLAD MOLYBDENUM 
STAMPINGS 


Bulletin Z-104, a one-page technical 
data sheet, describes clad metal stamp- 
ing consisting of gold-clad molybde- 
num and its use as a base tab material 
in silicon semiconductors. The bulletin 
reviews the range of sizes available 
and suggests other applications than 
base tabs. Accurate Specialties Co., 
Inc., 338 Hudson St. Hackensack, N.J. 

Circle 801 on postcard at end of book 


SILICON RODS 


Technical data sheet presents informa- 
tion on silicon polycrystalline rods. 
Lists typical properties, describes pro- 
duction process which yields high de- 
gree of uniformity throughout rod 
length. Dow Corning Corp., Midland, 
Mich. 

Circle 802 on postcard at end of book 


SOLID-FILM LUBRICANT 


Air-drying solid-flm molybdenum-di- 
sulfide compound lubricant is described 
in 2-page Bulletin SL-126. Lubricant 
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1168 MICROTRAN company inc 


145 East Mineola Avenue, Valley Stream, New York 


prevents galling, seizing, fretting, cor- 
rosion, cold welding and similar fric- 
tion problems. Hohman Plating & Mfg. 
Co., 814 Vermont Ave., Dayton, Ohio. 

Circle 803 on postcard at end of book 


SILICON TRANSISTOR A-F 
AMPLIFIERS 


Application Notes of August 1960 de- 
scribe a low-noise a-f amplifier design 
using silicon transistors. The 8-page 
pamphlet is illustrated with perform- 
ance curves. Texas Instruments, Inc., 
Semiconductor-Components Div., P. O. 
Box 312, Dallas, Tex. 

Circle 804 on postcard at end of book 


ELECTRONIC 
MILLI-MICROVOLTMETER 
Engineering Notes, Vol. 8 No. 4, con- 
tains 4 pages of charts, illustrations, 
specifications and other data on labo- 
ratory type milli-microvoltmeter, elec- 
trometer. Keithley Instruments, 12415 
Euclid Ave., Cleveland 6, Ohio. 

Circle 805 on postcard at end of book 


DIGITAL VOLTMETER 

Eight-page Bulletin 19-77 
characteristics and performance of 
Model 412 digital voltmeter which in- 
corporates features such as dual inputs 
and printer output as well as digital 
display. Included is a description of 


describes 


ARNOLD /TOROIDAL COIL WINDER 


sets up quickly... 


easy to operate... 


takes wide range of wire sizes 


SPECIFICATIONS: 


©@ Min. finished hole size: .18 in. 
® Max. finished toroid O.D.: 4.0 in. 


LABORATORY USE 


© Change wire and core size 
in 45 sec. 


©@ Winding speed: 1500 turns/min. 


©@ Wire range: AWG 44 to AWG 26 
®@ Dual, self-checking turns 


counting system 


to 14%” high 


XY 
UT) 


®@ Loading (wire length) counter 
® Core range: 4” 1.D. to 4” 0.D. 


@ 1500 turns per minute 
© Insert core and load 
in 20 sec. 


includes all rings, counters and accessories 


immediate delivery. literature on request 
ARNOLD MAGNETICS CORP. 


6050 W. Jefferson Bivd., 


Los Angeles 16, Calif. 


VErmont 7-5313 
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wHo sut REULAND 


OFFER AN 


HONOR SYSTEM 


MOTOR SERVICE POLICY? 


15-Year-Old Service Policy Takes the Word Of Any Local Electric Motor Service Shop of Your Choice 


Here is another indication of Reuland quality ...and the 
extent to which our company stands behind its products. 
It is based on a trust in people, and a trust in Reuland 
workmanship. It has met the test of time, and captured 
the acclaim of Original Equipment Manufacturers... 
and their customers. 

Whether your company is an O.E.M., or a User, the 
Reuland Honor System Service Policy can be your pass- 
port to uninterrupted machine operation. If you are tired 


MODERN POWER FOR MODERN DAY PRODUCTS 


...allin lightweight aluminum frames! 


REULAND 


of delays while service responsibility is determined... 
if you would like to talk to a motor company that can 
look you straight in the eye and be measured, your 
experience with Reuland could be a revelation. 

A free copy is available on request. Explains the 
simple steps to take. Shows how Reuland’s unique 
philosophy of doing business permits it to offer the indus- 
try’s only Honor System Service Policy! All company 
Officials should have a copy. We'll mail yours promptly. 


" wONOR system 
mOoTOR service pouicy 


v 
acuranoe qectarc counan 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
Distributors in all Principal Cities 


MOTORS <i> 


For important Reuland Engineering data 
reter to Sweet 1959 


Product Design File, section Sa 
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meter’s construction, outlining its con- 
formation with requirements for mili- 
tary acceptance. KIN TEL Div. ot 
Cohu Electronics, 5725 Kearny Villa 
Rd., San Diego 12, Calif. 

Circle 806 on postcard at end of book 


ELECTRONIC TEST EQUIPMENT 


Short-form catalog shows and specifies 
11 electronic test units in 2 pages. In- 
cluded are frequency standard, dielec- 
tric tester, phase shifter, null detector 
and impedance comparator. Industrial 
Test Equipment Co., 55 East 11 St. 
New York 3. 

Circle 807 on postcard at end of book 


FREQUENCY MONITOR 


Bulletin F-15 lists specifications of 
Series 4000 frequency monitors. Units 
indicate frequency of a 400-cps source 
within + 0.01 per cent. Monitors are 
portable, rack mounted or cabinet type 
Airpax Electronics, Inc., Seminole Div 
Fort Lauderdale, Fla. 

Circle 808 on postcard at end of book 


SEAL LEAKAGE ANALYZER 


Four-page brochure presents informa- 

tion on automatic analyzer that checks 

lip seals for diameter, concentricity 

TYPE SM-2 and lip pressure. Describes major fa 

tors causing leakage and other failures 

in lip seals. Research Laboratories, 

General Motors Corp., 12 Mile and 
Mound Rds., Warren, Mich. 

Circle 809 on postcard at end of book 


A high precision, Nominal Coil Voltage: 26.5 Volts D.C. 


efficient sub-miniature Maximum Pull-in Voltage: 18 Volts D.C. 
Maximum Drop-Out Voltage: 14 Volts D.C. TIME ANALYZER 

relay. Constructed Coil Resistance: Approximately 600 Ohms. Data sheet describes System 1500 20 
to withstand severe Contact Arrangement: 2 P. D. T. channel time analyzer. Included are 
vibration, heavy shock Contact Rating: 3 Amps. @ 28 V. D.C. Resistive (max.). block diagrams illustrating system op 
Maximum Operate Time (N.O. Contacts}: 4 Milliseconds. eration as time analyzer or pulse- 
and temperature Maximum Release Time (N.C. Contacts}: 3 Milliseconds. height analyzer. Unit makes possible 
extremes. For Maximum Contact Bounce: | Millisecond. — analy me ot — which ee 
during interval of 200 psec to 2 sec. 

control systems, Dielectric Strength: 1000 V. RMS, 60 Cycles (Sea Level). 


ad tami 000 c | Eldorado Electronics, 2821 Tenth St., 
— inimum insulation Resistance: Megohms. Berkeley. Calif. 
— Sanaa, Maximum Contact Resist: 0.05 Ohm; 0.10 Ohm (After Life). Circle 810 on postcard at end of book 
aircraft and similar Temperature Range: — 65° to 125° C. 
applications requiring Operating Shock: 50 ‘'G" for 11 Milliseconds. PORTABLE VIBRATION METER 
=“ : Vibration: 20 "“G"'—5 to 2000 CPS. Bulletin 1066 contains 2 pages of illus 
TOMES SS Life: 100,000 Operations (Minimum). trations, applic ations and specifica 
and dependable § maximum Weight: .60 Oz. eee eee eer eee 
ts MIL-R-2501 d MIL-R-5757 feat vibration meter which measures vibra- 
performance. saatandaae SOG .en OrPaVKe apacimestions tions with 0 to 0.1 in. amplitudes, 0 to 
10 ips velocities. Herman H. Sticht Co., 
Send for Bulletin § M -2 Inc., 27 Park Place, New York 7. 
Circle 811 on postcard at end of book 


OmMal HIGH-FREQUENCY CURRENT PROBE 


Two-page Data Sheet A-2036 describes 
—~ and illustrates high-frequency current 
- ° probes and current-probe systems for 
L use with oscilloscopes. Rated 1 ma to 
€ 10 amp over frequency range of 50 cps 
to 17 mc. Tektronix, Inc., P. O. Box 

500, Beaverton, Ore. 
Circle 812 on postcard at end of book 

3349 ADDISON ST., CHICAGO 18, ILLINOIS 


RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING | RADIO INTERFERENCE CONTROL 


eR NS LTT TAN A 32-page booklet, “Radio Inter feren e 
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Product-Design 
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PHENOLIC PORTHOLES? 
WHAT NEXT! 


Atomic engineers have found a good way 
to seal those big gloves that handle pluto 
nium and its deadly cousins in inert-at 
mosphere chambers 

The port you see here does this critical 
job well. It is compression molded of a 
Durez medium-impact phenolic. It doesn’t 
leak. It also resists shock, corrosion and 
heat. Its smooth surface won't snag the 
rubber glove. And it is economical: metal 
inserts can be molded right in. Except 
for polishing off flash, it’s all finished when 
it comes off the press 

Have you looked into atom-age pheno 
lics lately? They're better, more versatile 
than ever. To see what they can do for 
you, check the coupon for our Bulletin 
D400. It lists properties, uses, advantages 
of many interesting Durez compounds 


BRIGHT IDEA: 
PLASTIC-METAL MIRROR 


Metallized phenolic saves a costly produc- 
tion step in this housing for a microscope 
lamp. 

In place of a custom-made reflector, the 
molded phenolic housing has an alumi- 
num mirror deposited right on it by vac 
uum metallizing. 

The Durez compound chosen for this 
part has the right surface for metallizing, 
and incorporates high impact strength, 
low thermal conductivity 

You'll find many helpful ideas like this 
in Durez Plastics News, special bulletin 
mailed periodically to thousands of prod 
uct-design men. A check mark on the cou- 
pon will bring News to you faithfully 


PUT THE BRAKES ON HEAT 


No, this isn't a magic powder you sprinkle 
on a product to make it resist heat. It is 
a material—Durez phenolic resin—that’s 
used in scores of products as a bonding 
agent to impart controlled degrees of heat 
resistance 

Brake linings are just one example. 
Some others: electronic resistor coatings, 
shell molds and cores for foundry use and 
automotive generator brushes 

For heat resistance at low cost, you just 
can't beat phenolic resin. If you have such 
an application, write us the details and 
we'll gladly try to help you as we have 
helped many others. 


For more information on Durez materials mentioned above, check here: 

Phenolic molding compounds—descriptive Bulletin D400 [) Phenolic resins— 
illustrated bulletin describing uses [] Durez Plastics News—mailed periodically 
Clip and mail to us with your name, title, company address. (When requesting sam 
ples, please use business letterhead.) 


DUREZ p.iastics DIVISION 


1311 WALCK ROAD, NORTH TONAWANDA, N. Y. 


eleeiepiens —_——— HOOKER 


HOOKER CHEMICAL CORPORATION mors 
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COST-CUTTING PRODUCTION TEAM! 
... the two-way answer to assembly problems 


Assembly problems are a designer's problems, too. Here's a combina- 
tion that cuts production costs and gets rid of assembly problems in a 
hurry—Milford Tubular Rivets made to high quality standards to 
assure a better finished product for you... Milford automatic rivet- 
setting machines that can be quickly adapted to your particular 
fastening needs. 


Milford’s Manuat of Movern Riveting Practice may have the answers 
to your riveting problems. Ask a Milford Representative to show you 
how to use this manual to cut production costs. 


MILFORD 


THE MILFORD RIVET 
ap & MACHINE CO. 


MILFORD, CONNECTICUT @ NORWALK, CALIFORNIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ HATBORO, PA 
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Control,” discusses in detail the radio- 
interference spectrum and associated 
problems encountered with the use of 
semiconductor circuitry. Included are 
copies of actual test results and other 
test data gathered over an extended 
period. The data and test information 
are in accordance with Specification 
MIL-I-6181B. Genistron, Inc., 6320 W 
Arizona Circle, Los Angeles 45. 

Circle 813 on postcard at end of book 


RESISTANCE-WELDING 
CALCULATIONS 


Eight-page Bulletin SP-8A_ contains 
tables to simplify calculation of power 
required for resistance welding. Tabu- 
lating electrical demand and duty cy- 
cle, bulletin provides minimum welder 
transformer kva ratings, maximum safe 
rate of operation. Taylor-Winfield 
Corp., 1048 Mahoning Ave., Warren, 
Ohio. 
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METAL FINISHING PROCESSES 


Bulletin PP-103 describes metal finish- 
ing products and processes. Included in 
the 4page, 2-color bulletin are nickel, 
carbon, zinc and copper techniques. 
Hanson- Van Winkle-Munning Co., 
Church St., Matawan, N. J. 
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ELECTRIC MELTING POTS 
Eight-page Catalog VG-201-P illus. 
trates and describes electrical melting 
pots for solder, lead, glues and com- 
pounds. Detailed specifications and 
prices included. Vulcan Electric Co., 
Danvers, Mass. 
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Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning Evectno-TeCHNOLocY as 
your source 


FANS AND BLOWERS 


Catalog Supplement C, four pages, 
covers blowers specifically designed for 
cooling electronic equipment enclosures 
and includes a universal blower, base- 
recessed blowers, and intake and ex- 
haust fans. Blower accessories are in- 
cluded. Send letterhead requests to 
Amco Engineering Co., 7333 W. Ainslie 
St., Chicago 33. 


TEST EQUIPMENT 


Catalog “28/Industrial” contains 20 
pages of electronic test and measure- 
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CONVERSION 


TAILORED TO YOUR NEEDS! 


If you are in the early stages of product or system planning §B Precision power supplies using both ferro-resonant 
requiring power conversion, Vickers EPD can render in- — and semi-conductor devices for applications in auto- 
valuable assistance with its experience, engineering § skill mation controls, radio and radar transmitters, and 
and production facilities. Here are some suggested appli- as custom laboratory supplies. 


cations of EPD custom-tailored power conversion units: 
eo Static frequency power triplers for resistance weld- 


BB fics current power supplies lor variable speed motor drive ing and induction heating uses, 


controls, nuclear and plasma research electro-magnets, and other 
a oae 2 Many other rotating and static power conversion 

related device 

devices custom designed and produced specifically 


for your applications. 


FOR COMPLETE INFORMATION, CONTACT YOUR NEAR- 
EST VICKERS EPD FIELD ENGINEERING OFFICE 


Engineering positions open. Write to personnel manager. 


VICKERS INCORPORATED 


Division of SPERRY-RAND Corporation 


FALECTRIC EJRoDUCTS Pivisio 


1803 LOCUST STREET 
«PA 2000-1 SAINT LOUIS 3, MISSOURI 


FIELO ENGINEERING OFFICES: ST. LOUIS, C£nitra/ 1.5820 + CHICAGO, JUnwper 8-2125 * DETROIT, TOwnsend 8-5100 + CLEVELAND, £Dison 3-1355 
NEW YORK, Lfnnox 9-15'5 * WASHINGTON, DO. C., Executive 32-2650 + LOS ANGELES, SPruce 5.2467 +» BOSTON, CEcar 5-6875 


HOVEMBER 1960 Circle 212 on Inquiry Card 





eoeoececed 
2 eee ee BR 
eeeoecece 


eo 
oe) 
eo 
De 
Se 
ee =) 
a) 
te) 
ad 


Missi 3337 


S 


bs | Een eee =” eee Ona - 


The Friden Model SRW Calculator extracts square root at the touch of a key. 
And it’s the only calculator that can. In any work requiring frequent square 
root calculations, the SRW is an indispensable time-saver. 


At Lockheed’s Sunnyvale, California Missile and Space Division, the Friden 
Square Root Calculator has been utilized since the Division began in 1954. 
To date, this installation has purchased more than 40 SRW’s. Although the 
actual saving in dollars and cents could only be guessed at, Lockheed’s continu- 
ing re-orders attest to the usefulness of the Friden SRW. 


For a no-obligation demonstration of the Friden Square Root Calculator, con- 
tact your local Friden Man, or write: Friden, Inc., San Leandro, California. 


THIS IS PRACTIMATION: the practical application of automation principles 


to the creation and processing of source data. hiss sontnaeen 


—-_ 
ey 


 Iriden 


SALES. SERVICE AND INSTRUCTION THROUGHOUT THE U.S. ANO THE WORLO 
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ment equipment such as signal genera 
tors, tube and transistor testers, volt- 
meters, oscilloscopes and panel meters. 
Send request on company letterhead to 
Precision Apparatus Co., Inc., 70-31 


84th St.. Glendale 27, L. L, N. Y. 


COMPUTING RESOLVERS 


Primer for Computing Resolvers con- 
tains theory, definitions, symbolism 
and spec ifications of computing re 
solvers. The illustrated 18-page booklet 
is available on letterhead request, from 
Theta Instrument Corp., 520 Victor St., 


Saddle Brook, N. J 


SILICON RECTIFIER HANDBOOK 


A forty-two page handbook and cata 
log, with illustrations, specifications and 
dimensional drawings, covers more than 
80 separate rectifer units with range 
of 50 to 600 volts piv, and current 
ratings of \% through 400 amp. Tech 
nical data on selection and application 
is outlined. Standard Rectifier Corp 
620 E. Dyer Rd., Santa Ana, Calif 


MICRO-MODULAR PACKAGING 
OF COMPONENTS 


Preliminary information bulletin is on 
“MECA” technique, for maintainable 
electronic component assemblies, which 
involves cells, for encapsulating com 
ponents, and reliable connectors for 
mounting the cells. Pluggable cells are 
compatible with 0.100- and 0.200-in 
grid system. Bulletin contains data on 
cells designed to date, typical connes 
tors, engineering kits available and 
drawings of cells, cell contacts, circuit 
boards and circuit-board contacts. Make 
letterhead request to AMP Inc ; Har 
risburg, Pa 


26.5-VOLT ELECTRON TUBES 


Eighty-four page manual describes 
tubes with 26.5-volt heaters (requiring 
100-volt B+) and tubes requiring only 
26.5 volts on all elements. Manual con 
tains complete technical data and char 
acteristic curves for eleven types 
Detailed acceptance criteria and ap 
plication data are given in some cases 
Typically, the tubes weigh 4 gm and 
occupy 0.122 cu in. Electronic Tube 
Div., Sylvania Electric Products, Inc 

1740 Broadway, New York 19 


GEARS AND SPEED REDUCERS 


Publication of a 246-page, spiral-bound 
gear catalog has been announced. Book 
contains information on sizes, ratings, 
specifications and engineering data on: 
14% and 20-degree pressure-angle spur 
gears, bevel gears, mitre gears, worm 
and worm gears, spiral bevel gears, 
racks and sprockets, fin- and fan-cooled 
speed reducers. Other varieties ranging 
in capacity from fractional to 25 hp 
are also covered. Send letterhead re 
quests to Ohio Gear Co., 1333 E. 179 
St., Cleveland 10, Ohio. 
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Contacts closing 


at ‘‘kiss’” 


position 


Contacts close with 


wipe and roll’’ action 


How a General Electric CR2810 machine tool relay had... 


20 MILLION CHANCES TO FAIL 


UT DIDN’T 


MORE THAN 20 MILLION 
TIMES a large automotive 
body stamping company 
challenged the General Elec- 
tric CR2810 machine tool 
relay to “make” and 
“break.” 
It was part of an accele- 
conducted 
recently in their own plant 
to find the most reliable 
machine tool relay for their continuous production line 
Long after all competitive relays tested had failed, the 
contacts in the G-E relay were still “making” and “break- 
ing” with continuous reliability. Why? Greater fidelity— 
made possible by the smooth “wipe and roll” action of the 
General Electric relay contacts. 
OTHER ORIGINAL EQUIPMENT MANUFACTURERS as well as 
users have proved to themselves the reliability of General 
Electric relays. For example, after one year's experience 
with G-E relays, a manufacturer of packaging machinery 
cut his purchases almost in half. His explanation: “Before 


rated life test 


I bought General Electric relays, 50 per cent of my pur- 
chases were used to replace relays under my maintenance 
contract.” He saved inventory investment and stocking 
costs. You can too. 

Extra reliability is one of the “measurable advantages” 
of G-E machine tool relays that builds customer acceptance 
for your products. Add to this the ease of mounting and 
wiring, the compact design, and the circuit flexibility of 
G-E relays, and you have a value that can’t be matched. 

Why not test them yourself? Call your G-E sales engineer 
at your nearby G-E apparatus sales office. Ask for bulletin 


GEA-7021. General Electric Company, Schenectady 5, N. Y. 
811-15 


You get MEASURABLE ADVANTAGES 


with General Electric Control 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . 
in electrically operated end products . . . 


tions and available application data. 


SILICON CONTROLLED 
DIODE “CONTACTORS” 


Silicon controlled rectifier circuitry 
functions as SPST, DPST, 3PST and 
4PST “contactors” with output of 10 


: a: “ay 


Meg s5 


amp at 115 volts 4-c, input of 28 volts 
at 125 ma. With output characteristics 
from dry circuit to 20 amp a-c or d-c; 
input values can be as low as 40 mw. 
Temperature range is from —54 to 
+-100 C. Devices avoid problems such 
as contact contamination in storage, 
contact bounce, and malfunction under 
adverse shock and vibration. Electronic 
Specialty Co., 5121 San Fernando Rd., 
Los Angeles 39. 
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MINIATURE SILICON 
CONTROLLED RECTIFIER 


“Thyrode” silicon controlled rectifiers, 
weighing as little as 1/10 oz, handle 
up to 1 amp load. Functioning like 
thyratrons, rectifiers are hermetically 
sealed, all welded, and 15/16-in. long, 
excluding leads. Seven units, desig- 
nated XIRC2 through X1RC20, have 
peak reverse voltage ratings of 20, 30, 


50, 70, 100, 150 and 200 volts. Inter- 
national Rectifier Corp., El Segundo, 
Calif. 

Circle 502 on postcard at end of book 


HIGH-SPEED 
SILICON TRANSISTOR 


Switching transistor 2N706 is an n-p-n 
diffused-junction silicon-mesa_ device 
with a typical gain bandwith product 
of 400 mc, intended for use in high- 
speed, low-level logic circuits. Ambient 
temperatures, —65 to +175 C; power 
dissipation, 1 watt at 25 C. Transistor 
2N706A also available. Radio Corpora- 
tion of America, Semiconductor and 
Materials Div., Somerville, N.J. 
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SILICON MESA 
SWITCHING TRANSISTOR 


Transistor 2N706B has “E” internal 
mesa structure (shown in photo) to 
lower saturation voltage to 0.4 volts, 


base resistance to 50 ohms. Storage 
time, 18 nanosec; max operating tem- 
perature, 175 C; collector-base voltage, 
25 volts; collector-emitter voltage, 20 
volts; emitter-base voltage, 5 volts; 
heat dissipation, 0.3 watt at 25 C; 
housing, industry standard TO-18 pack- 
age. Motorola Semiconductor Products 
Inc., Technical Information Center, 
5005 E. McDowell Road, Phoenix, 
Arizona. 
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MICROMINIATURE 2N697 
TRANSISTOR 


Microbloc RT697M meets all electrical 
specifications of the 2N697 and has 3 
watts power dissipation, 50 per cent 
more than standard—for cooler-run- 
ning junction. Open-base switchback 


screened for design-in use 
complete with all released specifica- 


voltage, 35 volts. Physically, transistor 
is a silicon crystal embedded in a gas- 
tight hermetically sealed welded block 
that is essentially all heat sink, oc- 
cupying 1/7th standard volume: 0.063 
in. flat, 0.211 in. diam., 44 gm weight. 
Shock rating, 1500 g; acceleration, 
20,000 g; thermal shock and tempera 
ture cycling, per MIL-S-19500C. Leads 
are 0.013 in. diam., are handled same 
way as leads on conventional TO-5 
package. Rheem Semiconductor Corp., 
350 Ellis St.. Mountain View, Calif. 
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FAST SEMICONDUCTOR RELAY 


Silicon-controlled rectifier SCR-60 op 
erates at up to 2500 bits/sec as SPST 
non-mechanical relay with isolation of 
input and output circuits. Outputs op 
erated in series or parallel to key cir 
cuit loads up to 300 volts d-c. Variety 
of input “coil” and output “contact” 
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your delivery date... 
the requirements of Mil E-4970° .. 


Luxolene Molded 


Luxolene epoxy molded coils, manufactured on 
production basis, meet the requirements of Mil 
E-4970* and are engineered especially for appli- 
cations involving sand, fungus, high and low tem- 
perature, humidity, vibration, shock, salt spray, 
sunshine or dust. 


Luxolene coil windings are completely encased in 
thermosetting epoxy resin by incorporating a core 
tube of the same material as is used in the en- 
capsulating process. Luxolene Epoxy resin is ap- 


Coils meet both! 


proved by Underwriters Laboratories as a Class B 
(130°) insulating material. Available in colors— 
black, green, blue, yellow, orange and red. 
From design to delivery, Deluxe engineers work 
with you. Capacity for volume production, with 
highest degree of accuracy, assures your meeting 
delivery schedules on any product from washing 
machines to missiles. 

For specific information write to Deluxe Coils, Inc., 
P.O. Box 454 or phone Wabash 1720. 


*Certified by American Laborotories Report No. 9-3612-CH. 


eluxe COILS, INC. wasass, inciana 
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RELAYS with 


Golden 
Performance... 


PRINTED 
CIRCUIT TYPE 


LINE 


Because each contact face is gold 
flashed you'll never have a corro- 
sion problem with our Series MK 
General Purpose Relays. This 
gives them extended shelf life. 


Furthermore, MK coils, custom 
made in our own plant are the 
finest available and set the stand- 
ard for the industry. 


Each MK Plug-in Relay is punch- 
card inspected and every relay is 
performance tested (150 times) 
before shipment 


All this means reliability in every 
sense of the word. Write today 
for our new catalog containing 
our complete line of relays. 
Mailed free on request. 


SERIES MK SPECIFICATIONS INCLUDE: 

Up to 3 PDT in all types 

Coil Resistance to 20K ohms/DC 

Temperature ranges 45°C to 84°C (DC) 
45°C to 55°C (AC) 

Color-coded housings for plug-ins. 


ELECTRIC COMPANY 
241 RIVER STREET 


ORANGE, NEW JERSEY 
AFFILIATE + INDUSTRIAL TIMER CORPORATION 


232 
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arrangements available. Input current, 
20 to 60 ma nom.; input resistance, 
135 ohms; closed-circuit voltage drop 
per “contact,” less than 1] volt. Rexon 
Electronics, Inc., 2414 Reedie Dr., 
Silver Spring, Md. 
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MICROMINIATURE MESA 
COMPUTER DIODE 


Mesa computer diode hermetically seal 
ed by directly fusing glass to silicon 
junction. Diode measures 0.080 in. long, 
0.070 in. diam, uses gold-plated ribbon 
leads 0.004 in. that can be soldered, 
tweezer-welded or compression bond- 
ed. Operating temperature range, from 
65 to +200 C; recovery time, 2.0 
nanosec; leakage current, 0.015 amp 
at Ww) volts: 
milliwatts at 25 C. 

ates, Inc., Burlington, Mass. 
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SILICON UNIJUNCTION 
TRANSISTORS 

Three 2N1671, 2NI1671A and 
2N1671B are for triggering and switch- 
ing circuits in 


power dissipation, 50 


Associ 


Mic rowave 


types, 


industrial electronic 


equipment. All types have a maximum 
intrinsic standoff ratio of 0.62. Interbase 
resistance characteristics are 4.7 
kilohms min, 9.1 kilohms max at 25 C. 
Min valley-point currents are 8 ma. 
Power dissipation rated at 450 mw at 
25 C. General Electric Co., 
ductor Products Dept., Liverpool, N.Y 
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SILICON DIODES 
IN488 


Diode IN482 through 

have voltage tolerance values of +1, 5 
and 10 per cent, are encased in a 400 
milliwatt package. Reverse working 


Semicon- 


series 


voltages range from 36 to 380 volts, 
with reverse breakdown voltages from 
40 to 420 volts. Forward voltage, at 
100 ma and 25 C, is 1.1 volt for +10 
per cent tolerance units, 1 volt for +5 
and +1 per cent units. The operating 
and storage temperature range is from 
65 to +150 C. Hoffman Electronics 
Corp. 3761 South Hill St., Los Angeles 
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SILICON DIODES 
AND RECTIFIERS 


Line of silicon diodes, rectifiers, and 


double-anode diodes has 


500 milliwatts 


capacity of 
Rated to 12% amp, as 


complete bridge assem 
watts, 


single units or 
blies. Zener 
3.9 to 200 volts 
diam, 1/16 in 


rated at 5 
Case size is 3/16 in 
thick. Feature cupped 


diodes 


silver-disk design with maximum heat 
dissipating capacity and contact area, 
applica- 
Electron 
Rd . T empe, 


suitable for printed-circuit 


tions. Controls Co. of America 
Div., 845 W 
Arizona 


Broadway 
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SILICON RECTIFIER DIODES 
Hermetically sealed silicon rectifier 
diodes DI-52, DI-54, DI-56, DI-58, 


DI-510 have peak inverse voltage rat 
ings of 200, 400, 600, 800, 1000 


and 


and 


volts, respectively. All five types handle 
750 ma at 25 C and 500 ma at 100 C: 
100 per cent output extends beyond 
100 ke, with the 3 db point at 250 k« 
Temperature range is —65 to +150 C. 
Size is 0.110 in. diam, 0.250 in. long 
Diodes, Inc., 7303 Canoga Ave., Canoga 
Park, Calif. 
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Vieasure dc currents 
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& 428A CLIP-ON 
MILLIAMMETER. 


Probe clamps AROUND wire; measures by sensing magnetic field! 


Think of the measuring convenience, time saved 
and accuracy gained when you don’t have to break 
into a circuit, solder on a connection, or worry 
about probe loading. 


With the ® 428A Milliammeter and its new probe, 
you literally “clamp around” and read! You get 
maximum accuracy because there is no effective 
circuit loading from the 428A’s dc probe. The in- 
strument easily measures dc currents in the pres- 
ence of ac. And insulation is more than adequate 
to — safe measurements at all normal voltage 
levels. 


For extremely low current level measurement, sen- 
sitivity can be increased by looping the conductor 
through the “jaws” of the 428A probe two or more 
times. 

Brief specifications are given here; for complete 
details and demonstration on your bench, call your 
® representative or write direct. 


Specifications 


Current Range: Less than 0.3 ma to 1 amp, 6 ranges. 
Full scale ae from 3 ma to 1 amp: 3 ma, 10 ma, 
30 ma, 100 ma, ma, 1 amp. 
Accuracy: + 3% + 0.1 ma. 
Probe inductance: Less than 0.5 gh maximum. 
Probe induced Voltage: Less than 15 mv peak. 
Effects of ac in circuit: Ac with peak value less than 
full scale affects accuracy less than 2% at frequen- 
cies different from the carrier (40 KC) and its har- 
monics. 
Power: 115/230 v + 10%, 50-60 cps, 70 watts. 
Size: Cabinet mount, 7%” wide, 1142” high, 14%” 
deep. Weight 19 pounds. Rack mount, 19” wide, 7” 
high, 1242” deep. Weight 24 pounds. 
Probe Tip Size: ‘oximately %” x 7/16”. Wire 
aperture diameter 3/16”. 
Price: (Cabinet) $475.00; (Rack) $480.00. 

Data subject to change without notice. 

Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


1005M PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
HEWLETT-PACKARD 5S.A., RUE VIEUX BILLARD NO. 1, 
GENEVA, SWITZERLAND 
CABLE “‘HEWPAKSA"’ © TEL. NO. (022) 26. 43. 36 
CABLE “‘HEWPACK"’ * DAVENPORT »- 7000 
Field representotives in a!! principal areas 


Test the new U) 405A DC Digital Voltmeter 
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NEW SIZE § SERVOMOTOR 
RESPONDS ES FASTER 
These fast mse Size 8's have a 
whopping acceleration of 86,500 rad/ 
sec?...and feature torque at stall of 
0.22 oz. in., rotor inertia, 0.18 gm.cm.®. 
That's at least three times faster 
than any other Size 8's available. 
The entire secxman® Size 8 line is 
available in models for 26- 
volt or 115-volt sources —Servo- 


tems man working with 115-volt 
reference supplies, this can mean 
an end to accessory gear that so 
often compounds reliability and cost 
problems. 

At the Breadboard stage? Several 
BEcKMAN® Size 8 and Size 11 Servo- 
motors are available from stock for 
immediate delivery in prototype 
quantities. Check with your Helipot 
rep, write us for the list of stock 
Servomotors and for the Size 8 and 
11 Catalog. 
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MINIATURE SILICON 
DIODE ASSEMBLY 


Diode rectifier assembly with output 
ranging from 0.3 to 4 amip, 100 to 1600 
piv, is designed for low-power applica- 
tions. Each Vari-Stack consists of four 


' 


— 


encapsulated diodes to meet military 
humidity specifications. Surface mount- 
ing permits terminals to extend below 
chassis without adapters. Weighing 
approximately 4% oz and measuring 
17/16 x 11/15 x 9/16 in., assembly 
can be arranged in any of 12 standard 
rectiher configurations. Standard Recti- 
fier Corp., 620 E. Dyer Rd., Santa Ana, 
Calif 
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POWER-TRANSISTOR 
HEAT SINK 


Heat sink lowers power-transistor junc 
tion temperatures while maximum 
power output is maintained. Unit is 


\ 
\ 


1-55/64 in. square by 1 13/64 in. high 
accommodates power transistors of the 
TO-3 and TO-36 outline. Radiator is 
anodized cast aluminum alloy with in 
sulated aluminum base plate. Stainless 
steel mounting hardware and fiber in 
sulators mount transistor and heat sink 
to chassis. Augat Bros., Inc., 33 Perry 
Ave., Attleboro, Mass. 
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MINIATURE SERVO DRIVE 


Servo system consists of a solid-state 
servo amplifier, precision gear train 
and a servo drive motor. Overall cubic 
volume is 1.75 in. Delivers a torque of 
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20 pole 


12 pole 


I) @ Encapsuleted units provide practically any combination of nor- 
' mally-open (Form A) and normally-closed (Form B) contact 


arrangements. 

Mount in any position. 

Contacts completely unaffected by atmospheric contamination. 
BREAK-MAKE ACTION can be furnished to insure non-overlap- 


ping of contact closures. 


Multi-coil arrangements for logic elements available. 
Write for Dunco Reed Relay Bulletin. 


DUNCO DRY REED RELAYS provide economical and excep- 
tionally fast low level and light load switching for computer and 
data handling applications. Life is on the order of hundreds of 
million operations. From one to 20 switches with surrounding 
magnetizing coil are encapsulated to form a relay unit. The Dry 
Reed Switch is rated 15 watts for resistance loads at maximums 
Dry Reed of 250 volts or 1 ampere; 50 milliohms maximum contact 
resistance; 500 V. a-c minimum breakdown voltage; and 500,000 
Switch \ megohms minimum insulation resistance. 


STRUTHERS-DUNN 


PITMAN, N. J. 
WORLD'S LARGEST ASSORTMENT OF RELAY TYPES 


Sales Engineering offices in: Atianta - Boston . Buffalo + Charlotte + Chicago + Cincinnati + Cleveland + Dallas + Dayton + Denver 
Member Nationa! Association Detroit . High Point + Kansas City + Los Angeles + Montreal . New York + Orlando + Pittsburgh + St. Louis « San Carlos + Seattle . Toronto 
of Relay Manufacturers Export: Langguth-Olson Co., New York 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 


HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up To 200°C 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


i 5 


wae 
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CERAMIC SINGLE TEFLON 


CERAMIC SINGLE SKICONE 


TRON 
ovlmuy 


CERAMIC HEAVY TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


SS 


MARK OF RELIABILITY 
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2 in.Ilb at the servo actuating arm 
from a voltage change of 0.001 volt. 
Reaction time provides servo actuator 
arm speed of 270-deg rotation per se 
Solidtronics Div., 14751 Keswick St., 
Van Nuys, Calif. 
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SIZE 11 GENERATOR 


Bu Ord Size 11, 6O-cycle, 115-volt 
generator, for ground support equip- 
ment, industrial controls and automa- 
tion applications, is 


arate unit or integral with Size 11 motor 


available as sep 


Dimensions of m-g combination are 
1.062 in. diam by 3 in. long. Generator 
characteristics include scale factor of 
2.7 volts per 1000 rpm; signal-to-noise 
ratio of 100. Voltage ratings from 26 
to 115 volts. Power input is 3.5 watts. 
Daystrom, Inc., Transicoil Div., Worces 
ter, Pa. 
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HIGH-TORQUE-TO-INERTIA 
SERVO MOTOR 


Type 2635 induction motor is a 400-cps 
unit characterized by a linear. torque- 
Acceleration, 88,000 
at stall, 1.25 in.-oz; 
6500 rpm; 
in.-oz/ sec*; 
voltage 


vs-speed curve. 
rad/ sec’; 
minimum no-load speed, 
torque*/inertia, 110,000 


diam, 11% in.; length, 1% in.; 


torque 
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TENITE 
POLYETHYLENE 


...found in the 
first families 
of coaxial cables 


AMPHENOL has been a pioneer in radio fre- 
quency cables since 1936, and offers one of the 
most complete lines of R-F coaxials in the 
world. Amphenol cables are characterized by 
top performance electrically and physically, 
and Tenite Polyethylene plays an important 
role in this performance both as a dielectric 
and as a jacketing material. 


As a dielectric, Tenite Polyethylene gives flex- 
ibility, high dielectric strength, low dielectri¢ 
constant—at low cost. For an even lower di- 
electric constant, it can be expanded with gas 
into a cellular or “foamed” material. 


As a jacketing material, tough Tenite Poly- 
ethylene provides excellent resistance to abra- 
sion, weathering, moisture and heat. Users can 
look forward to years of maximum protection. 
Its easy handling and stripping qualities make 
it a favorite with linemen. 

Tenite Polyethylene is easily extruded as jacket- 
ing or insulation for many diverse wire and 
cable applications. For more information on the 
outstanding electrical and physical properties 
of this versatile Eastman plastic, write EASTMAN 
CHEMICAL PRODUCTS, INC., subsidiary of 
Eastman Kodak Company, KINGSPORT, 


TENITE 


POLYETHYLENE 
an Eastman plastic 


@ Cable manufactured by Amphenol Cable & Wire 
Division, Amphenol-Borg Electronics Corporation, Chi- 
cago, Illinois. 

@ Both natural and black electrical grade Tenite Poly- 
ethylene are available to cable manufacturers in a 
unique spherical pellet form which flows freely in the 
extrusion process and in “air-veying” of bulk ship- 
ments from truck to bin. 
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HEYCO STRAIN RELIEF BUSHINGS 


for standard and special wires and cables Fe 


The Approved Standard for 
Insulating and Anchoring 
ELECTRICAL 


HEYCO JUNCTION-TERMINAL BUSHINGS 


Miniature insulated receptacle for use with 3/16" quick 
disconnect terminals. Completely insulated Nylon body. 


Snap-in Assembly - Color Coded 
Eliminate “Pig-Tailg Wire Leads 


NEW ACCORDIAN TYPE! 


Adjusts and fits into curved surfaces. 
Available single or connected in units 
from 2 to 5. Color and Number Coded 
Mate with 3%.” or 4%” female terminals 


©@ serco Snap Bushings 


Snap locks into ponels up to 4%" thick with 
firger pressure — 35 Ib. push back test. 
10 sizes for holes from % to 1%" dic. 
vorious inside diameters. 


Nylon provides complete electrical in 
sulation and rugged mechanical pro- 
tection for Electrical wire & cable — 
Tubing & hose—Rope & cable-Bearing 
surface for moving parts. 


Same bushings available 
without holes 


HEYMAN 
MANUFACTURING | 


COMPANY 


KENILWORTH 1, NEW JERSEY 
Hey Mon... Sey HEYMAN! 


Circle 222 on inquiry Card 


input, 115 volts; power input, 8.5 
watts; weight, 9 oz; ambient tempera- 
ture range, —55 to +-110 C. Kollsman 
Motor Corp., Dublin, Pa. 

Circle 516 on postcard at end of book 


SIZE 11 SPEED REDUCERS 
AND GEARHEADS 


Bu Ord Size 11 Frame speed reducers 
and gearheads are for mounting on 
MK 14 servomotors and feature whole- 
number ratios ranging from 7:1 to 


§950:1. Output torque is 75 in.-oz., 
starting torque is 0.005 in.-oz. Input, 
output and pinion shafts are heat 
treated #416 stainless steel. Gears are 
AISI 303 stainless steel. Dynamic Gear 
Co., Inc., Dixon Ave., Amityville, N.Y 

Circle 517 on postcard at end of book 


ZERO-BACKLASH GEARHEAD 


With eliminated backlash, Size 11 gear 
heads are suitable for driving potenti 
ometers, synchros, indicators, or other 


low-torque device s. Standard ratios are 
from 11.27:1 to 2254:1. Starting torque 
held to approx. 0.05 in.-oz, depending 
on ratio; usable output torque is 2 
in.-oz. Ball bearings housed in either 
aluminum or stainless steel. Ellison En- 
gineering Co., 4530 San Fernando Rd., 
Glendale 4, Calif. 

Circle 518 on postcard at end of book 


OIL-FIELD MOTORS 


“Tri/Clad 55” motors meet outdoor 
requirements of oil field machinery 
drive applications. Polyphase, drip- 
proof units are equipped with neoprene 
rubber slinger to protect against con- 
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appearances are not deceiving 
THIS P&B 10-AMP RELAY IS AS RELIABLE AS IT LOOKS 


Our AB relay looks rugged . . 


. and it is. You can specify it for 


10 amp switching and confidently expect 100,000 cycles. Yet it 
is compact, easily mounted, and does not require special han- 
dling. Installation is simple, using your preference of screw 


ABC Series—AB series can be sup 
pled enclosed in sturdy metal dust 
cover, 1 Aa” x 2?%2" x 24%" 


terminals (adapters), quick connects, 
or dip soldering. 

Designers specify the AB for air 
conditioners and other products where 
dependable, continual service is 
paramount. 

‘These standard AB and ABC relays 
are listed by Underwriters’ Labora- 
tories and Canadian Standards 
Association: 

Type = Arrangements Type Arrangements 
ABJAY DPST-NO ABCTAY DPST-NO 


ABBAY DPST-NC ABCBAY DPST-NC 
ABIIAY DPDT ABCIIAY DPOT 


Coil voltages: 6, 12, 24, 115 and 230 volts AC, 50/60 cycle. 


Contact rating 10 amps. 115 volts AC or 5 amps, 
30 volts AC nonnductive. 


U/L File £-29244 CSA No, 15734 
Write for complete data or contact 
your nearest P&B sales engineer. 


AB AND ABC RELAYS 
ENGINEERING DATA 


GENERAL: 
Insulation Resistance: 100 megohms minimum 
Life: 3 million cycles (mechanical). 
Breakdown Voltage: 1500 volts rms between 
all elements and ground 
Temperature Range: OC: —55 to +45°C 
AC: —55 to +45°C. 
Weight: AB—5 ozs. ABC —7 ozs. 
Terminals: Fit 4” quick-connect terminals 
or may be applied to printed circuits 
using dip soldering. Screw adapters 
furnished on pegeee. 
Enclosure: ABC: Heavy duty dust cover. 
Dimensions: 1°44" x 2°%2" x 2Y%2". 


CONTACTS: 


Arr : DPOT 

Mowe: 4" dia. silver. Other materials 
available. 

Lead: 5 amps at 230 volts AC or 10 amps 
at 115 volts AC noninductive. 

10 amps at 28 volts DC. 


coi: 


Voltage: DC: 6 to 110 volts. 
AC: 6 to 230 voits. 


Power: DC: 2 watts nominal 
AC: 6.4 volt-amps. 
Resistance: 35.000 ohms max 
Duty: Continuous: DC coils will withstand 
6 watts at + 25°C. 


MOUNTINGS: 
AB: Two 8-32 tapped holes on 1” centers. 


ABC: One 8-32 stud 4” long and 
locating tab 


P&B STANDARD RELAYS 
ARE AVAILABLE AT YOUR LOCAL 
ELECTRONIC PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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tamination both running and standing 
still. Rated °4 hp at 1200 rpm, 1 to 5 
hp at 1800 rpm. General Electric Co., 
Schenectady, N. Y. 


Circle 519 on postcard at end of book 
FAN-COOLED MOTOR 


Single-phase capacitor-start motor is 
totally enclosed, houses integrally cast 
internal fans. External centrifugal 


switch positively disengages when mo 
tor has attained pre-set speed. Ratings 
from 1 to 5 hp. Brook Motor Corp 
$302 W. Peterson Ave., Chicago 45 


Circle 520 on postcard at end of book 
LOW-VOLTAGE D-C MOTORS 


Series or shunt-wound d-c motors are 
built in totally enclosed, non-ventilated 
die-cast aluminum housings and are 


IS FINDING THE RIGHT TIMING DEVICE YOUR PROBLEM? 


Call in the Man from Bristol Motors! 
He talks your language—knows how 
to meet your needs and problems. 
Whether you require a standard 
motor, a modification of a standard, 
or a new design, Bristol experience 
can be counted on to give you quick 
delivery of the timer best suited to 
your needs. A wide torque range is 


available—speed ranges from 1800 
rpm to 1 rp month! You can get vari- 
ations in shaft length, voltages, shift 
and brake action and other special 
features for your specific needs. For 
dependable, economical synchro- 
nous timing in industrial control and 
instrumentation—ask for the Bristol 
Motors Representative in your area. 


Write for new Catalog 160. 


BRISTOL MOTORS 


Division of Vocaline Company of America, Inc. 
210 Coulter Street, Old Saybrook, Conn. 


Dept. EM-11 


Circle 224 on Inquiry Cord 


available for 6, 12, or 24-volt operation 
Ball-bearing construction throughout. 
Typical ratings, 1/40 hp at 3000 rpm, 
1/25 hp at 5000 rpm, 1/13 hp at 4150 
rpm, and 14 hp (air over) at 6400 rpm. 
Available with or without radio sup- 
pression. Each rating has 34% in. diam 
frame; overall lengths range from 
5 3/32 to 63/16 in. Weights range 
from 2.72 to 3.64 lb. Universal Motor 
Div., Robbins & Myers, Inc., Spring- 


field, Ohio. 


Circle $21 on postcard at end of book 


Continued on page 242) 
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HOW TO PUNCH HOLES IN 
HIGH PRODUCTION COSTS... 


The original production of this switch base 
(left top) called for sawing on 4 sides, 
drilling 7 holes and affixing 4 screws and 
nuts. Spaulding reduced these operations at 
a saving of 75% by re-designing the part 
(left bottom) and using a grade of Spauldite 
that can be punched and extruded. 


.. - WITH SPAULDING VALUE 
ANALYSIS ENGINEERING 


The Value Analysis process calls for a ‘‘sci- 
entific method of accomplishing a function 


at the lowest possible cost.” 


That is why Spaulding maintains staffs of 
specially trained engineers who evaluate a 
customer's product, then show how it can 
be made better, easier and at a lower cost 
with a Spaulding Material, processed by 
Spaulding's own Fabricating Department. 


The unique characteristics of Spaulding 
Industrial Plastics and Vulcanized Fibre 


hold the same advantages for your product. 


SPAULDING FIBRE COMPANY, INC. 


384 WHEELER STREET, TONAWANDA, NEW YORK 


free 
| VALUE 
ANALYSIS 
BROCHURE naples 


SPAUL ONG FIBRE COMPANY me 


er 


SEND FOR YOUR COPY NOW 


NOVEMBER 1960 


SPAULDING FIBRE COMPANY, INC. 
384 Wheeler Street 
Tonawanda, New York 


Please send a free copy of the brochure, 
Spaulding Value Analysis.” 
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CLEVELITE* 


Phenolic Tubing 


has proven dependability. It is quality 
engineered to meet virtually every requirement in 
the electrical field. 


Clevelite has high insulation resistance, exceptional 
chemical properties and good machinability to give 
product performance at its best. Available in diameters, 
wall thicknesses and lengths for your particular 
requirements. 


The combined electrical and physical properties of 
Clevelite are essential to make your product better 
. . at lower costs! 


We also make a complete line of kraft, fish paper, 
asbestos, acetate and mylar tubing. 


Fast, dependable deliveries at all times! 


Write for your copy of our latest 
Illustrated brochure 


Reg. U. S&S. Pat. OF 


THE 


CLEVELAND CONTAINER 


COMPANY 


PLANTS & 
SALES OFFICES: 


CLEVELAND 
DETROIT 
CHICAGO 
MEMPHIS 
LOS ANGELES 
PLYMOUTH, WISC 
JAMESBURG, N. J. 
FAIR LAWN, N, J 


CLEVELAND 
CONTAINER 
CANADA, LTD. 
TORONTO 4 


NEW YORK 
WASHINGTON 
MONTREAL 


ABRASIVE DIVISION at CLEVELAND, OHIO 


REPRESENTATIVES: 
NEW ENGLAND: RF. S. PETTIGREW 4 CO. CHICAGO AREA: McFARLANE SALES CO 
10 N. MAIN ST... W. HARTFORD, CONN. 5950 W. DIVISION ST... CHICAGO 7 
NEW YORK AREA: MURRAY SALES CO. 
604 CENTRAL AVE., EAST ORANGE. N. J. 
PHILADELPHIA: MIDLANTIC SALES CO. 
9 E. ATHENS AVE... AROMORE, PA. 


544 S. MARIPOSA AVE... LOS ANGELES 
CANADA: PAISLEY PRODUCTS CO. LTD. 
36 UPTON RD., SCARBOROUGH, ONT, 
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PRESCOTT, ONT, 


6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


WEST COAST: COCHRANE ELECTRONIC SALES CO. 


D-C MILLIWATT MOTOR 


Motor requires 0.3 volts starting vol 
tage and is capable of operation from 
a solar source. Withstands 50-g shock 


and 20-g random noise vibration, op- 
erates over a temperature range of 
55 to +80 C. Typical characteris- 
tics: voltage, 6 volts d-c; running cur- 
rent (no load), 3 ma; power, 18 mw; 
weight, 55 gm; output rpm, 800; rotor 
inertia, 3.7 gm-cm*. Giannini Controls 
Corp., 1600 S. Mountain Ave., Duarte, 

Calif. 
Circle 522 on postcard at end of book 


REMOVABLE-BRUSH MOTORS 


Brushes may be removed externally 
from Type TW fractional-horsepower 
series motors. Available from 6 to 115 


volts a-c or d-c. series. shunt or com 
pound type. Diameter, 261/64 in.; 
horsepower, 1/125 to 44; weight, 244 


to 41% lb. Reversible windings, double 
shaft extensions, ball bearings and 


other special requirements can be met 
Redmond Co.., Inc., Owosso, Mich 


Circle 523 on postcard at end of book 


SELECTIVE-SPEED 
GEARSHIFT DRIVE 


Drive R3C, 1 hp to 5 hp, makes four 
gear changes, with gear-shift lever 
available in four optional positions 
Unit designed to operate on polyphase 
a-c power source at 25, 50 or 60 cps, 
below 600 volts. Gear ratios available 
from 1.00 to 2.25 with 900, 1200 and 
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to (NOUS TRY 


STAINLESS STEEL JEWELS 
make facsimiles by the million! 


OHIO RUBBER can, and regularly does 
produce 100,000 identical rubber parts per 
day from one set of production tooling. 
The jewel-like precision of the self regis- 
tering molds shown above—actual size—is 
a key factor in ORCO’s high speed, high 
accuracy, continuous molding process. 
AUTOMATIC INTEGRATION of pro- 
cessing steps which are usually handled 


separately eliminates variables—provides 
precise control for achieving the ultimate 
in product uniformity. RUBBER PARTS 
up to 1%” in diameter and | "in thickness 
produced by this process are distinguished 
by uniformity, minimum flash and pre- 
cision tolerance of + .003”. 

QUANTITY REQUIREMENTS involv- 
ing not less than 500,000 parts proves 


best for this new process. 

“DO YOU use small precision molded 
rubber parts by the million?”’, if so, the 
full story of ORCO“CUSTOMEERED” 
Continuous Molding is yours via free 
Bulletin CM-100. Send for your copy 
today to see how custom molded, pre- 
cision rubber parts can be produced in 


volume—at less cost. MP-160 


Twe Onio Russer ComPany 


Genera otices WVILLOUGH BY, CHI «wiienai2050 a 
A DIVISION OF THE EAGLE PICHER COMPANY 


WOVEMBER 1960 
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OUTPUT 


In modern digital computers 


PERFORMANCE IS THE PAY-OFF 


A big, modern digital computer may cost as much as $10-million to buy outright. 
Even rental may run as high as $50,000 a month. 

jith money like that involved, computer-makers can’t take a chance on sub- 
standard components. They want, and get, the best components .... the best re- 
sistors. Where wire-wound power resistors are required, they frequently specify 
Ward Leonard VITROHMS. 

There’s another reason, too, why computer manufacturers want only the best: 
They’re shooting for 99.99 ...% statistical reliability of components, and the more 
“9’s” the better. Computer components — say, resistors — are numbered in the 
tens of thousands, and they have to have this kind of performance to get 99.8% 
reliability in their final product. For this reason, computer makers insist on, and 
get, performance—as continuous and reliable as the state of the art permits. And 
again, where wire-wounds are required, they are likely to specify Ward Leonard 
VITROHMS. 

If you want maximum quality and maximum reliability in your product, fol- 
low the lead of outstanding digital computer manufacturers—like IBM, Remington 
Rand, and Burroughs—and specify W/L VITROHMS. You'll find full information 
in catalog D130. Write for your copy, and the name of your nearest VITROHM 
distributor, today. Ward Leonard Electric Co., 34 South Street, Mount Vernon, 
New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


o6 


RESULT-ENGINEERED CONTROLS SINCE 1892 


WARD LEONARD 
ELECTRIC CO.:= 


RESISTORS « RHEOSTATS « RELAYS « CONTROLS « DIMMERS 
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1800 rpm motors. Lima Electric Motor 
Co., Inc., Dept 74, Lima, Ohio. 
Circle 524 on postcard at end of book 


ELECTROMAGNETIC-CLUTCH 
TRANSMISSIONS 


Transmissions with  electromagnetix 
changes and 
reverses under power without interrupt- 


Available with two 


clutches allow speed 


ings power source. 


to eight speeds, 52 to 750 ft-lb torque 


capacities and a wide ratio selection 
to 10:1, the transmissions may be con 
trolled 
cams or other 
Western Mig 
Detroit 10 


Circle 525 on postcard at end of book 


SPRING-SET, 
SOLENOID-RELEASED BRAKE 


Style H44 brake has 3 ft-lb torque and 
for NEMA 40-frame 


with electric switches, tape, 
remote control means 


Co., 3400 Scotten Ave., 


is used motors 


Available with drip-proof enclosure in 

a-c or d-c. Stearns Electric Corp., 120 

No. Broadway, Milwaukee 2, Wisc. 
Circle 526 on postcard at end of book 


MINIATURE CLUTCH 


Model MC523 clutch operates in an 
environmental temperature range of 
from —60 to +85 C. Clutch body and 
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REPORT FROM 


MAGNET 
aa 


Here's how Essex can help you 


solve your magnet wire problems with 


Yusd. CUSTOMER APPLICATION SERVICE 


Research and Development at SX helps you by 
keeping its eyes on the future. There is continuous 
development of improved insulating materials and 
processes. Such technical progress serves you with 


A] SX Technical Reports give thorough coverage of 
constantly improved magnet wire. 


physical properties and applications of magnet wire 
types. Keep you abreast of progress and development. 


Testing Facilities support research at SX as part Field Help on the Job by experienced SX sales and 


of a complete system giving you assistance on any 
magnet wire problem, whether it concerns product 
or application. A library of specifications are avail- 
able in our laboratories for your use. 


technical staff is the final step in Essex Plus-4 service 
to help you solve application problems at a saving. 
Seminars and symposiums also keep you abreast 
of latest developments. 


For Mus 4 application service consult your Essex Magnet 


Wire salesman, or write direct stating your problem. 
MAGNET WIRE DIVISION, Essex Wire Corporation, Fort Wayne, Indiana 
MANUFACTURING PLANTS: Anaheim, California; Fort Wayne, Indiana; and Hilisdale, Michigan 


National Network of Warehouses and Sales Offices ...Call Your Local ‘Essex Man" 


NOVEMBER 1960 Circle 229 on Inquiry Cord 
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electronic 
industry 


*ALLOYIST—Our own almost-Websterial word, meaning: a single 
reliable source for strip, rod, wire and flat wire to serve your every need. 


*ALLOYIST—A single, reliable source for nickel, nickel silver, cupro 
nickel, stainless steel, phosphor bronze, Monel** and Inconel**. 


*ALLOYIST—A supplier of metals whose manufacturing processes 
are often exclusive, and always the most advanced, to insure total 
product superiority. 

Put the Alloyist cn your Design Staff, Purchasing Staff and Produc- 
tion Staff. We know of only one fully qualified Alloyist . . . Riverside- 


Alloy Metal. Write today for complete information. Riverside-Alloy 


Metal Division, H. K. Porter Company, Inc., Riverside, N.J. 


** Trademark of the International Nickel Co., Inc. 


RIVERSIDE-ALLOY Da METAL DIVISION 


H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, 
electrical wire and cable, wiring systems, motors, fans, blowers, specialty alloys, paints, refractories, touls, forgings and 
pipe fittings, roll formings and stampings, wire rope and strand. 
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a driven universal attachment have a 
'4-in. bore. Nylon housing is approx. 
7%, in. diam. Operating voltages for 
coils are from 6 to 110 volts d-c, Altair 
Research and Mig. Co., Box 106, Bald- 
win Pk., Calif. 

Circle 527 on postcard at end of book 


RE-CENTERING 
MAGNETIC CLUTCH 


Clutch with 5 in. overall length and 
1 in. diam has cavity for inclusion of 
potentiometer winding, synchro wind 
ings or switches. Operational torque 


ibs 


kept to minimum by not applying re 
centering spring torque until clutch is 
disengaged. Current and excitation, 
0.07 amp at 24 volts d-c, 0.14 amp at 
12 volts d-c; torque, 1.0 in.-oz engaged 
0.004 in.-oz drag; engage time, 25 
millisec max. Magnetec Corp., 7232 
Eton Ave., Canoga Park, Calif. 

Circle 528 on postcard at end of book 


TAKE-UP BEARINGS 


Light-duty take-up bearing, available 
(Continued on page 249 


Circle 231 on Inquiry Cord > 





ALLEN-BRADLEY 


REVERSING 
DRUM 
SWITCHES 


... Styled to match the most 
modern production machines! 


Inside and out this Allen-Bradley drum switch 
is all new. Its trim, modern lines and attractive 
die-cast aluminum handle will give your 
production machines “up-to-the-minute” styling. 


But there is more than beauty to this new 
switch. The rugged switch mechanism is a self- 
contained unit independent of the enclosure. 
Misalignment and binding cannot occur. The base 
mounts directly on machine surfaces without 
using spacers. And with the wrap-around cover 
removed, terminal screws are exposed for fast 
wiring from the front. Changeover from 
momentary to maintained contact operation can 
be made in seconds. Investigate this new 
“leader” in its field. Send for full details. 


a 


% 


ALLEN -BRADLEY 
Quality Motor Control Rae. Tibedie Cask Ganon 


23-60-R 





Some more special controls that are 


Even Khrushchev couldn’t claim 


Phase Failure 
Phase Reversal Relays 


The Bulletin 812 Style 
RF relay responds to all 
open phase conditions on 
a branch motor circuit and 
immediately removes the 
motor from the line. Also, 
the motor is disconnected 
when a phase reversal oc- 
curs anywhere in the sys- 
tem on the line side of the 
relay. “Fail safe’ design. 


Phase Failure, Style F 
covers f.l. currents from 
1.5 to 300 amp in 4 sizes. 
Coils to 600 v, 60 cycles. 


Phase Reversal, Style R 
made with coils for 110, 
208/220, 440, 550 v for 
either 50 or 60 cycles. 


Zero Speed Switch 


Used for “‘plugging”’ duty, 
these switches prevent 
coasting and bring squir- 
rel cage motors to a sud- 
den stop. Also used to 
prevent application of re- 
verse power before motor 
comes to a full stop. Ad- 
justable operating speed. 


Low Pressure Switch 


Especially designed for 
domestic water pump serv- 
ice and commercial air 
compressor service. These 
inexpensive compact 
switches offer pressure 
ranges from 15 to 200 psi. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 


a more complete line! 


Bulletin 812 Style F 


Bulletin 812 Style R 


Bulletin 808 


Bulletin 830 
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Heavy-duty pilot controls 
Wrrcs MesBanl eat mit tects] 
to initiate functions at 
any point of rotation. 
Made with up to 12 indi- 
vidually adjustable, in- 
Goede ou meleutile § 


Foot Switches 


SIM messi eas ee 
Has maintenance free, 
snap-action contacts. Ex- 
tended base prevents tip- 
ping. Made with hood 
(left), with top guard and 
without guard. : 


eS Cm ty 


Oiltight enclosure for 
machine tool hydraulic 
systems operating at pres- 
sures up to 5000 psi. Oper- 
ating pressure Ei) oa 
oat Cae ta wee CRE ate Coe 
Indicator shows trip point. 
Silver contacts never need 
ese Lae tele ie 


Temperature Controls 


CDR Crt 4ale Mel eke 
provides lower differen- 
SPIC Maat s (oekee sat iaalii| 
permits continuous cycling 
from zero to maximum 
setting. Vibration or 
mounting angle will not 
affect accuracy of opera- 
tion. Temperature ranges 
from —150°F to 490°F. 


In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 










































with or without frames, incorporates 

inexpensive stamped bearings prelub- hs ail Or & resene- 
ricated at assembly. Laminated Neo- il 

prene felt keeps grease in, dirt and ee 

foreign matter out. Available in shaft ree ee TS fro 

sizes from % through 1 in. Roberts ae BR rm 


Mig.. Inc., Salina, Kan. 
Circle 529 on postcard at end of book 


HIGH-TEMPERATURE 
BALL BEARING Economically mass 


produced on fully auto- 
matic patented machines, 
GRC nylon parts are 
Temp (illustrated) is capable of op- available from stock in 
ere , » prs » 575 F many sizes and types. 
rating at temperatures up to 575 F che cous nate cat 
techniques, molds in one 
automatic cycle, gets ac- 
curate, uniform parts. 


Precision ball bearing known as Bar 


6 iP iorag 


GRC MOLDED NYLON 
SCREW INSULATORS 


These insulators and bushings ore designed with wide 
flanges—larger thon the head size of all standard com- 
mercial screws—so that they will completely isolate the 
screw from its mounting surface. Molded of nylon they 
hove a lew dielectric constant, relatively high dielectric 
strength . resist high voltages at commercial fre- 
quencies ore particularly suited for screw insulator 
applications, where high tensile and torque require- 
ments call for non-insulating screws. Notural- 
ly elastic and resilient, they con also be used 
as light-load bearings. Available from stock 
in Va" and %” lengths for use with screw 
sizes 24 thru a 


my 


These advantages, these 
economies, apply too, to 
tiny made-to-order parts 
to your specifications . .. 
in quantities of 25,000 to 
many millions. Write for 
bulletin describing GRC's 
unique method for injec- 
tron molding smail plastic 
parts or send prints for 
quotation. Ask about our 


. . n i 
without conventional lubrication. Uti ont alley die castings, 


lizes ball retainer of reinforced Teflon 
WRITE, WIRE 
NO SI MA by 
compounded with a solid lubricant, has oes oN _— 4 —_— now M 
cael somples, prices an 
a coeficient of friction roughly equal 1%” tong,—.03 oz. GRC's new cotolog 


‘ 2 : ‘ of die cast and 
to that of pure Teflon with higher re- , molded fasteners 


sistance to deformation under load. 

: aad os ; GRiEgs REPRODUCER CORP. 
Bearing sizes from 0.3125 to 0.7480 in. World's Foremost Producer of Small Die Castings 
OD. Withstands axial and radial loads 149 Beechwood Ave., New Rochelle, N. Y. + NEw Rochelle 3-8600 


HED I 


i 


up to 2 lb. The Barden Corp., Danbury, Circle 232 on Inquiry Cord 
Conn 


Circle 530 on postcard at end of book 


ULTRAFINE KNOB 
ADJUSTMENT 


“Microadjuster” permits precise manual 
knob adjustment of rotating electrical 
output elements, and displays counter 


setting. Calibrated display may include 


"i ‘ or ’ E es a bi m" oS moo el * ei rey ESL oe eee, cate 

}- or 4digit counter readout. Input 40 Amp. Capacity in 7/16 C. C. Space 
knob detented for each increment; Aim ,, , 
backlash approximately 2 min through Same As Most IS P- Barrier Strips 
AGMA Precision 2 gears and ABEC 7 Buchanan has this . . . and more. No different snap-fit parts build any 
ball bearings. Sealed 2-in. instrument terminals, no lugs, fewer wiring prob- length Buchanan MD biock . . . with 
case built to meet MS33693. Servo De- lems when you use Buchanan sectional more “wanted” features than conven- 
velopment Corp., 567 Main St., West- MD pres-SURE-blocks with tubular tional blocks. Strap screw contacts also 
bury. Conn. contacts. And, you can group more available. Write now for Bulletin M-11. 

Circle $31 on postcard at end of book common wires—equal to 1 #22 thru Tubular contacts listed by UL. @ 


1 #8—under a single contact. Just 2 Creeks Hotes Ter G80 verte Gy Con. S 
PANEL-MOUNTING BLOWER 


U. S. Pat. No. 2,922,139 
Model B-400 blower mounts in a stand- BUCHANAN ELECTRICAL 
ard 19-in. rack and provides an air | BUCHANAN PRODUCTS CORPORATION 
flow of 415 cfm of filtered air. Requires | HILLSIDE, NEW JERSEY 
834 in. of vertical panel space and in Canada: ESNA CANADA LIMITED, Toronto 16 


Circle 231 on inquiry Card Circle 233 on Inquiry Cord 249 





Another 
BUS eta 


FOR INDUSTRY FROM 


... saturable 
reactor 
packaged 
power 
control 


TYPICAL UNIT 


Lae Raa aS WIDTH all 


220 volts, | 40 volts-500 amps 
60 cps 1 8 » 
control range 


@ ideal for electric furnace contrel. 

@ Saturable reactor and power transformer are packaged with meters and man- 
ual control. Unit is also available for use with standard pre-amp for auto- 
matic control. Manual contro! panel may also be remotely mounted. 

@ Other sizes available up to 100 KVA. 


For quotations on this and other custom designs, 
specify output voltage range, maximum current re- 

y quired, space requirements (if any), input voltage and 
frequency available. 


Light Electric Corp. 


218 Lackawanna Avenue, Newark 4, New Jersey 
Telephone: HU 5-4110 


PLATE TRANSFORMERS 
dry or oi! immersed 
1 to 250 KVA 
rectified outputs to 
75 KV OC 
50, 60, or 400 cps 


UNITIZED RECTIFIERS unit high voltage test sets 
ol! immersed to 100 KVA : reduced corona 
rectified outputs to transformers for 
75 KV OC corona testing 


UNITIZED CONTROLLED Power | MISCELLANEOUS 
SOURCES audio output transformers 


! 
| 
| 
| 
| 
FILAMENT TRANSFORMERS | saturable reactor or coon 
low capacitance amplistat contro! ae 
high reactance | capacities to 100 KVA ! saturable reactors 
multiple coil. | AC or DC outputs for furnace 1 to 100 KVA 
| or plating applications — for —— of 
rectifier outpu 
| LABORATORY EQUIPMENT current limiting reactors 
| high voltage testing tapped furnace or 
| transformers annealing transformers 


CHOKES 
filter 
charging 


Circle 234 on inquiry Cord 


total depth of 94% in. Quarter-turn 
mounting fasteners used for installa- 
tion. Built-in fuse and ground wire 
Blower motor operates on 115 volts, 60 
eps. Ameo Engineering Co., 7333 W. 
Ainslie St., Chicago, HL. 

Circle 532 on postcard af end of book 


HIGH-CURRENT THERMOSTAT 


Adjustable or preset thermal switch is 
UL approved after 100,000 cycles at 
25 amp, 240 volts a-c. Will control 144 
hp air-conditioner motor. Stud, single 


hele or nozzle mounted, the relay can 
have either screw or spade terminals 
in 9 positions. Differential as low as 5 
deg F; temperature range, to 300 F 
Pace, Inc., P.O. Box 1244, Mansfield, 
Ohio. 

Circle 533 on postcard at end of book 


FAN FOR RACK EXTERIORS 
Panel-mounted Model 1PB65W fan for 


installation on electronic racks pres- 
surizes the cabinet with air filtered 


through a permanent washable filter 
Installation, filter changing may be 
done from outside rack. Shallow fan 
moves 295 cfm, and is equipped with 
ball-bearing motor which meets speci 
fications CC-M-636A. MIL-G-3278 lub 
ricant has temperature range of —62 
to +93 C. McLean Engineering Lab 
oratories, P.O. Box 228, Princeton, N.J. 


Circle 534 on postcard at end of book 
INSULATED THERMOSTAT 


Model BW-SS 14-in. diam thermostat 
can be factory calibrated or adjusted 
externally to obtain the desired actu- 


(Continued on page 254) 
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ALL Dicits 
CAN + 
ama 

ene. yo ihag 


featuring 


DI 
hos GITAL 


Series 10000 


firms throughout 
the world in just a 
few years prove 
unprecedented 
acceptance of 
IEE digital 
readouts. 


The IEE digital readout ts the 
digit right up front, visible from any 
angle. Vision is unimpaired by 
stacked characters and sharp, clear- 
white digits provide high-contrast, 


error-proof reading. Use of words, PRICE S 18°° 


color, and multiple projections offer COMPLETE 


utmost versatility. 
QUANTITY PRICES ON REQUEST 
Binary To-Decimal Decoders Available. WRITE TODAY FOR 


Representatives in Principal Cities COMPLETE SPECIFICATIONS. 


Circle 235 on inquiry Cord 


wwORAINGERINC 


Specialists in 
ELECTRIC MOTORS 


of 
drm Se 


aoe 
ne | 


agate US 


aCe 
TU Tak 
EXHAUST FANS 
PULP OEE aS 
HEATING EQUIPT 
SMa LAY 
ath ia mm atl t) 
alas 


ALABAMA 


BIRMINGHAM 4¢ 701-6th Ave. N. 


ARIZONA 


PHOENIX © 1022 N. 21st Ave 


ARKANSAS 


UTTLE ROCK e 1805 Scott St 


CALIFORNIA 


FRESNO 2¢ 10! Van Ness Ave 
LOS ANGELES 33¢ 1401 E 
AKLAND 70 2200 Acei 
AN DIEGO 1 © 144 W. Market St. 


4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 
letterhead. No consumer requests hon- 
ored. O.E.M. prices available for quantity 
buyers. 


188 PAGE CATALOG and buying 
guide. Includes detailed descriptions 
on over 4000 items. Lots of technical 
and application data. Request your 
free copy. 


NEBRASKA 
OMAHA 2 1516 Webster St. 
NEW JERSEY 
NEWARK 20 358 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 40°05 Ash St. 
NEW YORK 1366533 Canal St. 
3rd St. ROCHESTER 40 42 Scio St. 


ine St SYRACUSE 6e Tarbell Rd. 


WOVEMBER 1960 


COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 


components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at—76°F. 


Let us help you with your engineering 
problems. 


For imm 


iT ieee aes 


VEER my Tas Street 
Brooklyn 32, N. yY. 


Circle 236 on Inquiry Cord 


a. eae 


SAN FRANCISCO 100519 Potrero Ave. 


COLORADO 

DENVER 40696 Bryant St. 
CONNECTICUT 

WEST HARTFORD. 20! Dexter Ave. 


STRICT OF COL. 

WASHINGTON 16 ¢ 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6035 W. 12th St. 

MIAMI 37 © 2727 N.W. 2nd Ave. 

TAMPA 66 1509 Cypress St. 


GEORGIA 
ATLANTA 166 1046 Memorial Dr., S.E 


UNOS 
CHICAGO 1202330 W. Adams St. 
MELROSE PK. ¢ 1660 N. Mannheim Rd 
INDIANA 
(NDIANAPOLIS 201714 E. Riverside 
souTn BEND 18¢ 1133 So. Main St. 


tow 

DAVENPORT ¢ 1215 E. River St. 

DES MOINES 14066 Washington Ave 
RANSAS 

WICHITA 5e 120! N. Mosley St. 


KEN KY 
LOUISVILLE Se 120 S. 12th St. 
u ANA 
NEW ORLEANS 26 4513 Eve St. 
SHREVEPORT © 2031 Texas Ave. 
MARYLAN 
BALTIMORE 300800 S. Hanover St. 
MASSACHUSETT: 
BOSTON % 84 Lincoln St. 


memean 
DETROIT 31701 E. Mc Nichols Rd. 


GRAND RAPIDS 3¢545 Grandville S.W 


MINNESOTA 
MINNEAPOLIS 40 1818-4th St. S. 


missou 
KANSAS CITY 8¢ 1629 Broadway 
ST. LOUIS 302110 Pine St. 


MORTH CAROLINA 
CHARLOTTE 3e 1216 S. Mint St. 


CINCINNATI 602400 May St. 
CLEVELAND 1402150 Hamilton Ave, 
COLUMBUS 15400 E. Livingston Ave. 
DAYTON 20222 Washington St 
TOLEDO 2520 Southerd St. 
YOUNGSTOWN 2e 16 Pyatt St. 
OKLAHOMA 
OKLAHOMA CITY 20316 E. Grand Ave. 
TULSA 1901738 S. Boston Ave 


OREGON 
PORTLAND 17¢ 2410 N. Mississipp! 
PENNSYLVANIA 
ALLENTOWN e 723 E. Green St 
PHILADELPHIA 403215 Spring Garden 
PITTSBURGH 103812 Penn Ave 


RHOOE ISLAND 
PROVIDENCE 6 236 Georgia Ave. 


NESSEE 
KNOXVILLE 17 ©3628 Broadway N.E. 
MEMPHIS 3¢ 339 So. Front St. 
NASHVILLE 40 210-17th Ave. N. 


TEXA 
DALLAS 100 2425 Ferris St. 
EL PASO 1100 E. Missouri St. 
FT. WORTH 301119 W. Sth St. 
HOUSTON 140 1409 St. Emanuel! St. 
SAN ANTONIO 2¢608 E. Crockett St. 


UTAH 
SALT LAKE CITY 160527 No. 3rd W. 


VIRGINIA 

NORFOLK 80835 W. 44th St 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 46 1001-0th Ave. S. 

SPOKANE 1 ¢ W. 22 Main Ave. 
WEST VIRGINIA 

aa Central Ave. 
wiscons! 

SMW AUKEE 40136 E. Walker St. 


WW. RAINGER.INC. 


Dept. 119 E GENERAL OFFICES, CHICAGO 12 


Circle 237 


en Inquiry Card 261 





The Visicorder records 





This study of the drop in voltage load on an Allis- 
Chalmers alternating current generator was directly 
recorded by a Model 906 Honeywell Visicorder. 


In this transient reactance test, made by design 
engineers at the Allis-Chalmers Norwood Works, 
the generator was operated at full voltage, and then 
a dead short was applied to the terminals. When 
such a sudden load is thrown upon a generator, the 
voltage drops because of the inherent character- 
istics of the generator. This voltage “nosedive” is 
so rapid that a voltage regulator cannot immediately 
correct the voltage and bring it up to normal. Be- 
cause of this time delay while the regulator is 
catching up, motor contacts and other devices on 
the line may drop out, lights may blink objection- 
ably, and electronic devices may function erratic- 
ally. For these reasons, these studies of time as 
related to generator characteristics are very im- 
portant to better generator design. The Visicorder’s 
ease of operation, calibration, and immediate read- 
out made it ideal for these studies. 


generator voltage 


The Honeywell Visicorder is the pioneer, com- 
pletely proven, and unquestioned leader in the field 
of high-frequency, high-sensitivity, direct-recording 
ultra-violet oscillography. Here are some of the 
reasons why Visicorders provide the most accurate 
analog recordings available: constant flat response 
and sensitivity of galvanometers; grid-lines simul- 
taneously recorded with traces to guarantee exact 
reference regardless of possible paper shift or 
shrinkage; flash-tube timing system for greater 
accuracy of time lines; superior optics for maximum 
linearity of traces. 


Recent Model: of the 906 Visicorder incor The NEW 


porate time lines and grid lines and record 


uf to 14 simultaneous channels of 
data 


data 


th 
PI ERING THE FUTURE 


YEAR 


NOVEMBER 1960 


Model 1108 Visicorder, with 
many automatic features and the convenience 
of pushbutton controls, is ideal for inter- 
mediate uses requiring up to 24 channels of 


N. O. Risch and F. R. Manning, design engineers at Allis-Chalmers Nor- 
wood Works, study a Visicorder chart of voltage-drop tests on a generator. 


No matter what field you are in... research, development, com- 
puting, rocketry, product design, control, nucleonics . . . the 
high-frequency (DC to 5000 cps) Visicorder Oscillograph 
will save you time and money in data acquisition. 


Call your nearest Minneapolis-Honeywell Industrial Sales Office 
for a demonstration. 


Reference Data: write for Bulletins 1108, 1012, and HC906B. 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


The Model 1012 Visicorder is the most versa- 
tile and convenient oscillograph ever devised 
for recording as many as 36 channels of data. 


Honeywell 
Hi) Qudustiial Products Croup 


Circle 238 on Inquiry Cord 





FABRICATION 


TO YOUR SPECIFICATIONS 


Components and weldments of all 
types .. . tanks, bases, covers, guards... 
are quickly and accurately fabricated 


Sor 
« Alum 


THE KIRK & BLUM MANUFACTURING CO., 3122 FORRER ST., CINCINNATI 9, OHIO 


Wi fy 


Circle 239 on Inquiry Card 


by Kirk & Blum craftsmen. 


Complete facilities to 4%” thicknesses in 
mild and stainless, aluminum, mone! 


and other alloys. 


Send your prints for prompt quotation. 


== 


ating temperature by means of screw 
which may be hermetically sealed. 
Temperature setting is not affected by 
ambient temperatures. Incorporates 
bimetal-actuated contact attached to a 
spring which shunts the bitmetal. Maxi 
mum temperature differential is 1 deg 
C. Chatham Controls Corp., 155 River 
Road, Chatham, N.J. 

Circle 535 on postcard at end of book 


AUTOMATIC MOTOR 
PROTECTOR 


Automatic-reset, bimetallic circuit 
breaker responds to rising temperature 
and excessive current of motor. Built 


into the motor or used remotely, pro 
tector is rated from 0.1 to 15 amp, up 
to 23 volts a-c. Rated life 1 million 
cycles up to 5 amp, 500,000 cycles up 
to 10 amp. Unit weighs 0.7 oz. E-T-A 
Products Co. of America, 6284 N. Ci 
cero Ave., Chicago 46. 

Circle 536 on postcard at end of book 


SUBMINIATURE D-C RELAY 


SPDT D-C relay 
weighs 0.37 oz. and is rated for 115 


9c 


volts a-c at 250 ma. Sensitivity is 35 


High sensitivity 


mw. Dimensions are 0.687 in. high, 
0.406 in. wide, 0.812 in. long. Units 
have coil resistances from 50 to 5000 
ohms, or are supplied to specifications 
W. S. Deans Co., 8512 E. Cardendale 
Downey, Calif. 


Circle 537 on postcard at end of book 


DIFFERENTIAL-SENSITIVE 
RELAY 


Series 10,000 relay meets MIL-R-61066¢ 
and MIL-R-5757C; withstands 50 ¢ 
shock, 20 g vibration at 10-2000 cps, | 


ELECTRO- TECHNOLOGY 





,ou need a 


BRUSH HOLDER 


Your SPECIALIST is 


ab 


@ Offers Complete Line of 
= Brush Holders and Caps 
@ For All Types of Motors 

and Generators 


@ A Competent Engineering 
Department To Assist in - 
Brush Holder Requirements 


| 


if Sa eee Just One Squeeze with IDEAL's 


ar Write for complete information sé * ” 
contained in our new easy to use New Custom Stripmaster 
Phoenix Catalog, No. 60-11. 


ete ELECTRIC MANUFACTURING CO. Removes Teflon” and Other 


3625 NM. HALSTED ST. © CHICAGO 13, ILL. 


cn 1 ew nga cow | H@FO-tO-Strip Insulations 


To help prevent wire nicking and 
insulation damage, these new IDEAL 
‘Custom Stripmasters”’ are precision 
drilled on watchmaker’s equipment. 


With Ideal’s new Custom Stripmasters, a light 
squeeze on the handles strips any wire completely 
clean and bare up to a full % inch. 


To help prevent nicking and scraping of wires, the 
Custom Stripmaster’s matched sets of blades are 
precision drilled on watchmaker’s equipment to the 
exact wire sizes. Counterbored blades ride on cut 
insulation to prevent scratching of stripped wire. 
Jaws grip wire firmly to prevent insulation damage. 
3 models available. Wire sizes from No. 10 to 30. 


* Reg. Trademark of DUPONT 


ELECTRICAL PORCELAIN i. 
Built to your Drawings and | | IDEAL INDUSTRIES, Inc. 


e . | 1008 K Park Avenue, Sycamore, Illinois 
Specifications * Send us your inquiries | | Gentlemen: Please send catalog information on IDEAL’s New | 
| | “Custom Stripmaster.” 


| | Name 


Company 


ae SOC State 


Circle 241 on Inquiry Card Circle 242 on Inquiry Cord 





DISCERNING 
DRAFTSMEN 
THE WORLD OVER 
DEMAND IMPERIAL 
THE WORLDS FINEST 
TRAGING CLOTH 


Circle 243 on Inquiry Cerd 


NEW high voltage 
POWER PACK series 


custom designed to meet your requirements! 


These light weight units are avail- 
able as solid encapsulated units, 
epoxy dipped or sealed oil-filled 
units. All transformers and capaci- 
tors in units are designed and built 
by our firm complete environ- 
mental testing facilities within our 


plant. & 


TYPE | TRANSISTORIZED 6 to 28 
VDC input, 2 to 50 KV DC output 


TYPE 1 

TUBE OSCHLATOR TYPE 

200-300 VDC input 

2-30 KV OC output 
TYPE i 
LIME VOLTAGE TYPE 
60 to 400 cycle input 


2. 100 KV DC output 


Write for complete informative literature and 
specification sheet to outline your requirements. 


lostic Oa 


2620 N. Oy Te at Bu tahedees 


Circle 244 on Inquiry Card 


watt operating power. Available in 
SPDT, DPDT, 2-amp contacts. The 
0.940 in. diam x 1.45 in. length relay 


shown operates at 22 volts d-c, +1 volt; 


release voltage, 16 volts d-c, <1 volt. 
Operate and release voltages available 
from 5 to 150 volts d-c, accurate from 
65 to +200 F. Electro-Mechanical 
Specialties Co., Inc., 528 West Lambert 

Rd., Whittier, Calif 
Circle 538 on postcard at end of book 


MAGNETIC-AMPLIFIER RELAY 


Push-pull design Series 8300 relay, 
immersed in potting gel within her 
metically-sealed enclosure, affords 
shock-resistant operation over +10 per 
cent line voltage and frequency varia- 
tions. Specifications include 100-g shock 


rating; 10 g to 55 cps vibration im 
munity; 0.2 pw d-c sensitivity; —55 to 
+100 C operating temperature range; 
1 amp at 28 or 120 volts d-c contact 
rating. May be connected so that one 
set of output contacts transfer on nega 
tive input, other set on positive input 
Approximate overall size, 2% x 254 x 
27% in. high. Sigma Instruments, Inc., 
97 Pearl St., S. Braintree 85, Mass 
Circle 539 on postcard at end of book 


MODULAR SOLID-STATE 
RELAY 


Layer-cake construction of 10-0z Model 
5R-101-1A allows quick adjustments for 
design modifications. Relay is protected 
against polarity-reversal damage. No 
moving parts allow for minimum life of 
1 million cycles. Maximum operating 
current and voltage, 60 ma at 30 volts 
d-c; pick-up voltage, 16 +2 volts; 
drop-out voltage, 9 volts +2 —1 volts; 
ambient temperature, —55 to +71 C; 
maximum switching rate, 1500 cps at 
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Idling at 70° below zero—or pushing at 127° 
one UPA arionar brush fits both jobs! 


F ™ PROBLEM: This earth-moving equipment 
operated in rugged terrain where tem- 
peratures might vary 200 degrees. 


RECOMMENDATION: Henry Frasch 
and the manufacturer agreed on“ National” 
Brush Grade SA-45. 

RESULTS: Excellent cold weather and 


tropical performance even where com- 
mutator speeds reach 5,000 RPM. 


ae Contact your “National” Brush Man 


“National”, “N" and Shield Device, NATIONAL CARBON COMPANY ea Ete) 


wad --+--, ptt Division of Union Carbide Corporation » 270 Park Avenue, New York 17, New York Ma WeSst Ep] s 
IN CANADA: Union Carbide Canada Limited, Toronto 


NOVEMBER 1960 Circle 245 on Inquiry Cord 





MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering hes been coordinated 
with electric motor design te 
provide a versctile means for 28.volt 
obtaining the full possible ad- 
vantage of speed contre! in DC 
meters while operated from the 


regular alternating current power 
line. Grid controtied “Thyratron” Circle 540 on postcard at end of book 


tubes ore utilized for power con- 

trolled stepless vorietion to sup- MINIATURE 5-AMP RELAY 

ply moter armature power The HS-400 series operates on less than 
Potented feedbock, of “Servo” 100 milliwatts of d- power, switching 
circuits provide constant torque four S-amp resistive circuits over a 


tapebility over wide speed ranges nominal d-c voltage range of 6 to 120 
of os high aos 60 to 1 in some : 
models and « minimum of 20 

to | in others : 


ewogpeed DIV of ELECTRO DEVICES. Inc 
4 Godwin po Or Paterson N ; 


Circle 246 on inquiry Card 


For 
HEAVY DUTY WORK! 


everest Electrica] Services 


| volts. Relay is approximately 34 x1 x 

A O Ni 3 © 114 in. and weighs 1.83 oz. Choice of 

| 16 standard coil resistances from 100 

’ | ohms to 100,000 ohms available. Her 
dal eS SOCKETS } metically-sealed unit operates from —65 
4 | to +125 C. Various mounting configu 

: | rations available. Hi-Spec Electronics 

500 SERIES Corp., 7328 Ethel Ave., No. Hollywood 

ASA OL Ls ad Calif 


square-wave input; vibration, 
30 g to 2000 cps; shock, 100 g. Leach 
Corp., Controls Div., 5915 Avalon Blvd 
Los Angeles 3. 





ee a ae om 


?-506-CE—Piug with Cep 


Circle 541 on postcard at end of book 


MIDGET RELAY 
For 5,000 Volts, 25 Amperes per Contact Alterable by 


Cirewit Chorocteristics [ype 5500 series relays, for use with 
8 a-c, utilize built-in full-wave diode rec 


_ $-506-D 
cket with deep Brocket tification. Standard coils provided for 


Secket contocts of phosphor bronze, knife-switch type, codmium plated. Plug contocts hord bross 
cadmium pleted. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs ond sockets polorized. Long leokoge 
path from terminal, and terminal to ground. Caps and brockets, steel porkerized (rust-proofed) 


Plug and socket blocks interchangeable in cops and brackets. Terminal connections most accessible 
Cop insuleted with convas bokelite. 


Write for Jones BULLETIN 22 for full details on line. 


(Continued on page 26] 
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LATEST TRENDS IN INSULATION 


Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation in automobile starters and 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 
cotton. It stretches to shape .. . hugs corners and leads 
... prevents voids ... reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 
As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper Tape is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 
As transformer insulation in oil-filled units of all types 
. . « power, distribution, regulator instrument ard 
potential transformers . .. Dennison Industrial Crepe, 
in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 
Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
. . and dielectric strengths up to 1500 volts. 
Write for complete data today. 


* 


more effectively 
MANUFACTURING COMPANY 


Framingham, Mass. + Drummondville, Quebec + Offices in Principal Cities 
Circle 248 on inquiry Cord 


MT Witla 


HEAVY DUTY 
PUNCH PRESSES 


)} POWERFUL » DEPENDABLE 
ECONOMICAL 
FULLY GUARANTEED 


Fr Moderate in price 
KRIMPTITE* ee Hundreds of different 


INSULKRIMP* ——- 
VERSAKRIMP* eee See your Supply Dealer or 
VIBRAKRIMP* . write for catalog giving com- 


plete information, specifica- 
AVIKRIMP* y . tions and prices on our line 
° Trade Mark . of Heavy Duty Punch Presses. 
Check the Yellow Pages 
of Your Phone Directo 


EIC 


ETC wneorporateo — ~sy 
Cig ay 
990 [.67 St.,Cleveland 3, Ohio. MM, Aaa nether fea a 


Circle 249 on Inquiry Cord Circle 250 on Inquiry Cord 





Thermal shock doesn’t damage 


MALLORY VITREOUS ENAMEL RESISTORS 


See Mallory Controls Company for 


Highest resistance to thermal shock provided a a 2 
by thermally-engineered ceramic, enamel fF ® ‘ 

and alloy components. Meets requirements / 

of MIL-R-26C. i : Fy 


Made moisture and corrosion resistant by wire-wound vitreous power rotary plugs 
multi-dip coating of Mallory’s superior grade controls resistors rheostats switches & jacks 


rit a]. 
—— Mallory Controis Company, Frankfort, indiana 


Conservatively rated for 300°C surface tem- a division of 
perature even in high ambients. 


Choose from the broad line of dependably rugged 
Mallory wire-wound resistors—fixed, adjustable 
or multi-tap, 3 to 240 watts. Write or call us for 
quotations . . . or for consultation. 


Circle 251 on Inquiry Cord ELECTRO-TECHNOLOGY 





Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


«+. at factory prices... 


from these Mallory 


Industrial Distributors... 


BOSTON, MASS. 
Cramer Electronics 
Lafayette Radio 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 


Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 


Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


ORLANDO, FLA. 
East Coast Radio 


PALO ALTO, CALIF. 
Zack Radio 


PASADENA, CALIF. 
Electronic Supply 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 


Bruce Electronics 
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voltages between 1 and 125 volts. Units 
can be plug-in or _ printed-circuit 
mounted. Life is rated up to 100 mil- 
lion operations. Contacts have 5-amp 
ratings. Size is 44 in. wide, 1-17/32 in. 
high, 1-9/64 in. deep. Caine Electronic 
Sales Co., 4120 W. Ave.. 
Chicago 30. 

Circle 542 on postcard at end of book 


Lawrence 


PROXIMITY SWITCH UNIT 


Model 4906-JIC control switch provides 
means of automating industrial proc- 
When with a proximity 
pickup, the unit senses both ferrous 
and non-ferrous metal parts. Metallic 
workpieces in close proximity to pick- 


used 


CsSes, 


up energize relay. Provides two types 
of delay: slow-make, quick-break, and 
quick-make, slow-break. JIC Standard 
enclosures. Electro Products Labora- 
tories, Inc., 4500 No. Ravenswood Ave., 
Chicago 40, IIL 
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HERMETICALLY SEALED 
D-C RELAYS 


Type JSH SPDT and DPDT d-c relays 
are 0.2 in. grid-spaced for printed cir- 
cuits and feature 25 and 40 mw sensi- 
tivities, respectively. Non-inductive con- 


tact rating is 2 amp at 29 volts d-c, or 


1 amp at 115 volts a-c. Units with- 
stand vibration from 5 to 55 cps at 
0.09-in. double amplitude, 15 g from 55 
to 2000 eps, and shock at 50 g. Tem- 
perature range is 65 to +125 C. 
Weight is 1.1 oz. Allied Control Co., 
Inc., 2 East End Ave., New York 21. 
Circle 544 on postcard at end of book 
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We Can Make 
Precision Ceramic-to- 
Metal Assemblies 
for Your Stock or 
Special Requirements 


On your right is a specialized 
ceramic-to-metal assembly that we 
make in small quantity. 

On your left are some of our 
stock terminal insulators. They are 
made in large runs for economical, 
off-the-shelf delivery. 

Coors furnishes either metal- 
ized ceramic parts ready for braz- 
ing by the customer, or complete 
ceramic-to-metal assemblies in 
sizes up to 10” OD by 12” length. 

If you need ceramic-to-metal 
assemblies, in quantity or proto- 
type, get in touch with us here in 
Golden, contact the Coors regional 
sales manager nearest you, or 
write for new bulletin. 


REGIONAL SALES MANAGERS 
West Coast..... . eoeeWilliam S. Smith, Jr. 
EM 6-8129— Redwood City, Calif. 
-veed Ohn E. Marozeck 
FR 2-7100— Chicago, Ill. 
Donald Dobbins 
GL 4-9638 — Canton, Ohio 
John J. McManus 
MA 17-3996 — Manhasset, N.Y. 
Warren G. McDonald 
FR 4-0663 — Schenectady, N. Y. 
Southwest ........ Kenneth R. Lundy 
DA 7-5716— Dallas, Texas 
. William H. Ramsey 
UN 4-6369 — Houston, Texas 


Midwest 
Central 
East Coast 


New England 


Southwest ...ccceceres 
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KLEIN PLIERS 


make wiring faster 
...easier 


Many 


Klein Pliers are 


available with a coil spring to 


keep jaws 


Spring 


in open position 


Tet it ee 


of the plier 


Klein Pliers may be ordered with dipped-on plasti 


There’s a lot to like in Klein Pliers. 
There is a size and style for every 
job, even the toughest wiring as- 
sembly. All are made of finest alloy 


-coated handies 


steel, individually tempered and 
tested. They are backed by the Klein 
name, serving industry for more 
than 100 years. 


Yours for the asking— 


free copy of the new 


Klein Pocket Tool Guide. 


ASK YOUR SUPPLIER 
Fereign Distributor: International Standard Electric Corp., New York 


Mathias mae) 5 By Fen & Sons 
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FAST-RELEASE RELAY 


Type 1 relay operates between 0.0002 
and 0.025 sec ahd on as little as 0.002 
amp, depending on adjustment and 


coil selection. Unit has operating d-c 
voltages up to 230 volts, single- or dou- 
ble-wound coils. Relay with slow-re- 
lease time up to 0.40 sec, but normal 
Lakewood 
Industrial Rd., 


close time is also available. 
Controls Corp., 


Lake, IL. 


Crystal 
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INDUSTRIAL LATCHED RELAY 


Mechanical-latch, 
frame relay 
12-pin plug 


electrical-reset 255 
has clear plastic cover, 


and matching heavy-duty 


socket for industrial control panels 
Dimensions, 3°4 x 2 21/32 x 27/32 in.; 
minimum life, 10 million operations; 
contact ratings, 10 amp at 115 volts 
a-c; standard dielectric test, 1500 volts 
a-c; three types available: DPDT, 
3PDT, and with 2 NO, 2 NC contacts 
Struthers-Dunn, Inc., Pitman, N. J. 
Circle 546 on postcard at end of book 


SMALL POWER RELAYS 


Relay P2 has 3/16-in. quick-connect 
or solder terminals on front panel and, 
if desired, on the coil. Contact arrange- 
ments up to and including 3PDT, with 
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WEAR-FRICTION COMPARISON 
GENERAL ELECTRIC VS. CONVENTIONAL MOTOR 
en eet ne ee eee se ] 
TYPICAL CONVENTIONAL COMPOSITION BEARING IN 


THIS PRICE CLASS (GREATER SPEED BRINGS LITTLE ) 
tT, DECREASE IN COEFFICIENT OF FRICTION) 


eescll 


Papeete | 


OF FRICTION 


TYPICAL G.€. UNITIZEO 59-FRAME BEARING 
SUPPORTS OAD ON HYDRODYNAMIC Film) 


COEFFICIENT 


RISE IN CURVE AFTER 300 RPM DUE TO 
“HYDRAULIC RESISTANCE, NOT WEAR 


100 400 800 
SPEED IN R.PM 


New Usilized * shaded-pole motor 
reduces bearing wear and noise 


General Electric Unitized shaded-pole 
motors are designed to drive tape re- 
corders, business machines, portable 
appliances, fans, and similar machines 
A new lubrication system reduces bear 
ing wear and noise. Thus, in normal 
operation, quiet sleeve bearings need re- 
oiling only once a year. These motors 
can be stud- or band-mounted at all 
angles. Available in open or enclosed 
models 


* Trademark of General Electric Co 


G-E Unitized motor 
FREE Write to Section 727-01, From 1/1000 to 1/15 
BULLETIN Schenectady 5, N. Y hp, 1550 rpm, 4 pole. 


GENERAL @@ ELECTRIC 
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For the 


MOST ACCURATE 


Measurements of: 
e DIELECTRIC LOSS sheet 
e TAN § 
e CAPACITANCE 
e DIELECTRIC 

CONSTANT 


HARTMANN & BRAUN 
High & Low Voltage 


SCHERING yea 
BRIDGE 


in conjunction with BYfemite}s 


Also available 


STANDARD 


@ Complex AC Potentiometer 


Transformer Ratio Meter COMPRESSED GAS 
Test Equipment for Instrument 

—— CAPACITORS 
Oscilloscopic Null-indicator 


Vibration Galvanometer 150 kV to 1400 avd 


td a a son = 
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Electrix 


at ES 


Greater 


Holding Power! 


Zehte 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 
economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 
Write for free catalog. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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SQUARE-LOOP 
TAPE CORES 
TO MEET YOUR 
TOUGHEST 
SPECIFICATIONS 


Speed your specs to Dynacor 
when you want square-loop tape 
cores to exact requirements—fast! 
Here you'll find a dependable 
combination of personnel, expe- 
rience and facilities—the know- 
how to deliver parameters to 
your very tightest tolerance re- 
quirements for switching time, 
flux, and noise. 

Dynacor Square-Loop Tape 
Cores are manufactured with the 
high permeability alloys—Grain- 
Oriented 50-50 Nickel Iron, 4-79 
Molybdenum Permalloy, and 
Grain-Oriented 3% Silicon Iron 

. with fully guaranteed uni- 
formity ... under rigid standards 
of control and inspection. 

Look to Dynacor for reliable 
production and swift delivery of 
your tape core requirements. For 
your convenience a full line of 
standard units are stocked for im- 
mediate off-the-shelf delivery— 
Send for bulletins DN 2000, DN 
2001, DN 2002. 


YNACOR, 


WESTMORE AVENUE © ROCKVILLE, 
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1115 volts a-c. 


coil voltages up to 230 volts a-c or 115 
Contact rating, 10 amp at 
Warco Industries, 6625 
Delmar Blvd., St. Louis 30, Mo. 

Circle 547 on postcard at end of book 


MERCURY PLUNGER RELAYS 


relays are 


volts d-c. 


Line of mercury plunger 
production-tested on fluorescent lamp 


| loads to assure consistent quality. Re- 


lavs are available with coils for 115- 


volt or 230-volt, 50-60 cps operation. 
Contacts are SPST, NO or NC, nomi- 
amp and 50 amp on 
25 amp and 35 amp on 


rated 35 
| lower voltage, 
|higher voltage. 
cn Co., 471 Paletown Rd., 
| 
| 


nally 


Quaker- 
town, Penn. 


Circle 548 on postcard at end of book 
SIZE 00 STARTER 


| Starter 
a hp. 110 volts to 2 hp, 
volts tor 


for low-horsepower jobs is rated 
440 550 
NEMA 
313/16x 


from 
three-phase service 


Size 00 device dimensions are 
| 


15 3/13 x 3 45/64 in. Features straight- 


through wiring, pressure-wire terminals. 
molded coi} and melting-alloy overload 


in NEMA 


DYNACOR | : , - 
relay 8. ' ap = i 4 i 
~ | Type 1 enclosure with optional push- | 


INC. 
A SUBSIDIARY OF SPRAGUE ELECTRIC CO. 


Available 


open or 


button or selector switch in 
Square D Co., Dept. SA, 4041 No 
Richards St., Milwaukee 12. 


(Continued on page 267) 


Philadelphia Scientific | 


cover. 
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NYLON BANANA 
riuS 


Arugged, high voltage 
inmevicted plug for a 
wide voriety of ap- 
plications. 


NYLON sss. 
CONNECTORS 


These rugged Johnson connectors are 
molded of tough, low-loss shockproof nylon 
—and will not chip or crack, even when 
subjected to extreme temperature changes 
or severe mechanical stress. Nylon provides 
high voltage insulation, with voltage break- 
downs up to 12,500 volts DC. Metal clad 
tip jack meets MIL specifications (full speci- 
fications available on request). All con- 
nectors are designed for fast, easy mounting 
—and are available in 13 bright colors for 
coded applications. 


OTHER 
CONNECTORS 


Johnson also 
monufactures o 
complete line of 
stendard con- 
nectors. For infor- 
mation, write for 
our newes! com- 
ponents catalog 


NEW 


DUAL BANANA 
PLUG 


Solderiess design, tough 
shock resistont nylon body 
retains strength and low 
loss chorocteristics over o 
wide range of temperature 
ond high relotive humidity 
condition. Avoilable in 13 
colors 


New Collidlog 


Write today for our newest rrr 
electronic components 
catalog — complete 
specifications, engineering 
prints and current prices on 
* Capacitors « Tube sockets * Connectors © Pilot 


lights ¢ Insuloters + Knobs, Dials * Inductors « 
Hordware 


COMPONENT 


te 


E.F. JOHNSON CO. 


230 8 2nd Ave. $.W. * Waseca, Minn, 
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ANACONDA SILOTEX—THE ALL-GLASS-INSULATED CLASS H 
MAGNET WIRE WITH EXTRA OVERLOAD PROTECTION 


300C operation continuously for over 5000 hours before 
failure this is the kind of high-temperature punishment with- 
stood by a motor wound with Anaconda Silotex Magnet Wire. 

A leading American motor manufacturer conducted these 
severe thermal-overload tests to find out just what Anaconda’s 
sihhcone-bonded, all-glass-insulated magnet wire could really 
do. The winding withstood a 66 per cent overload for over 
§000 hours before failure 

Although Silotex is officially rated as a Class H insulation 
(AIEEE), capable of withstanding “hot spot” temperatures of 
I8OC, resistance to high temperatures is only part of the 
reason why it gives long continuous service. It also has 
excellent moisture resistance, Outstanding dielectric strength 


Where this maximum overload protection is not necessary, 


and where mechanical abuse during winding may occur, 
fused Dacron* fibers are substituted for some of the glass, 
giving additional abrasion resistance. This Silotex-D is man- 
ufactured to the same rigid quality requirements as Silotex 
and all of Anaconda’s other magnet wire products. 

Whatever your application, Anaconda has a glass or glass- 
combination insulation to fit your requirements—and in a 
full range of sizes—rounds, squares, and rectangulars. The 
next time you have requirements, contact your nearest 
Anaconda Wire and Cable Company district office for help 
in selecting the right glass-insulated magnet wire. Or—for 
more information, write: The Anaconda Wire and Cable 
Company, 25 Broadway, New York 4, N. Y. 


iP reg ! trademark 


ase Tue maw rrov ANACONDA, pcour GLASS-INSULATED MAGNET WIRE 


ANATHERM NYFORM 





. 


PLAIN ENAMEL 


FORMVAR ANALAC 











Newly improved 


J-M Asbestos Ebony 
offers better 
electrical properties 


PANEL SHEETS bar sup} 
FOR spacer In 
SERVICE TO 1200 VOLTS 
HAVE 

GOOD MACHINING easily, gives a 

CHARACTERISTICS, other similar products. Panels have 
SMOOTH, EBONY-LIKE an attractive appearance, with 
SURFACE 


equipment 
finer appearance than 


a 
smooth, ebony-like surfa 

Even under severe service condi- 
volume resistivity of As- tions, Asbestos Ebony 
bestos Ebony, parallel to sheet faces, 
provides a comfortable margin of 
safety for electrical apparatus in 
service up to 1200 volts. Now newly 
improved, it offers an even more de- 
pendable insulation in switchboards, 
controller plates, switch bases, bus- 


The good does not de- 


laminate, shrink, crack, rust or cor- 
rode. It is unaffected by water... 


266 Circle 260 on Inquiry Card 


Asbestos Ebony machines more 


AN INSULATION FOR EVERY COMMERCIAI 


most common chem 
nd rapid temperature 
changes below its 250 F limit 

J-M supplies Asbestos Ebon ! 
large sheets up to 48” x 96” or in 
ated to your blue 
and in thick 
nesses ranging from '.” to 4”. For 
complete information, see your J-M 
Distributor. Or write to Johns- 
Manville, Box 14, New York 16, N.Y. 
In Canada: Port Credit, Ontario 


panel form fabri 


print specifications 


AND INDUSTRIAI 


J OHNS-MANVILLE yy 
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PHOTORELAY 


Weather-resistant photorelay for indus- 
trial control applications utilizes a cad- 
mium sulfide photocell and DPDT re- 
lay connected in series. No warm-up 


time required. Operating voltage, 115 
volts a-c. Normally open or closed con- 
tacts, rated 5 amp at 115 volts a-« 
Screwdriver-type terminal _ strips. 
Mounting: '% in. threaded hub. Berke- 
ley/Dynamics, P. O. Box 1098, Bur 
lingame, Calif. 

Circle 550 on postcard at end of book 


MAGNETIC STARTER 


Compact Size-5 starter, an extension of 
Sizes 00 through 4, can be mounted in 
8-in. deep enclosure. Parallel double 
break contacts provide four contact 
points which accommodate heavy cur 
rent surges associated with Size-5 ap- 
plications. Epoxy-encapsulated current 
transformers and low-current overload 
relays provide over-load protection. Be 
sides single internal holding-circuit in- 
terlock, up to four additional inter- 
locks can be added. Circuit arrange- 
ments available: NO, NC, and NC late 
opening. Cutler-Hammer, Inc., 315 N 
12 St., Milwaukee, Wis. 

Circle 551 on postcard at end of book 


QUICK-DISCONNECT 
DIGITAL READOUT 


Series 10000 digital readout contains 
12 lamps which may be changed with 
out tools, and readout units which may 


be snapped into position on present 
lamps. Cable clamp at rear relieves 
strain on terminal wires. Height of pro- 
jected character, 1 in.; readout dimen- 
sions, 19/16 x 2% x 614 in. long. 
Industrial Electronic Engineers Inc.., 
5528 Vineland Ave., No. Hollywood, 
Calif. 

Circle $52 on postcard at end of book 
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A NEW LINE OF 


SILICON ZENER DIODES 
AND RECTIFIERS 


by the ELECTRON DIVISION 


SILICON ZENER DIODES: From 150 milliwatts 
to 50 watts, 3.9 volts to 200 volts. Diodes can 
be matched in pairs, triplets, and quads. Double 
anodes available from 1.5 volts to 60 volts. For 
power units: anode or cathode grounded 
optional. Will meet military specification. 


SILICON RECTIFIERS: Up to 12% amps, 10 to 
900 PIV in free air; exceeding 50 amps by forced 
air cooling and 100 amps by water cooling. Full 
wave rectifier made to customer’s specifications. 


Controls Company of America invites your inquiry. 
High quality and dependable delivery assured. 
Write or call for catalogs and engineering data. 


QO MEAL 4 IDO RG, UPA Ahan. 


CONTROLS COMPANY OF AMERICA 


ELECTRON DIVISION 
811 W. Broadway, P.O. Box 937, Tempe, Arizona 
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E-T-A 
Motor PROTECTORS 
for highest Performance and Safety 


Check the advanced design of E-T-A protectors and 
see why they are superior to conventional types! 


* 
© MANUAL 
e R from 


atings 
0.05 to 25 amps 


greater power is packed into smaller motors. This 
miniaturization requires protectors with pin-point 
accuracy provided only by E-T-A! Precise calibra- 
tion is guaranteed by co-ordination of bimetal ele- 
ment, heater coil and infinite contact adjustment. 
Ideal for built-in and remote protection. E-T-A 
offers you a better product at lower cost. 


For engineering assistance call or write— | 


PRODUCTS COMPANY OF AMERICA | 


6284 N. Cicero Ave., Chicago 46, Ill. | 


Phone: Kildare 5-1553 
IN CANADA: E-T-A Products of Canada iid 
265 Craig St. West, Montreal 1, Que 
Phone: UNiversity 1-6996 | 
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COLD-CATHODE 
DECADE COUNTERS 


Decade counters CK6909 and CKO6910 
count at speeds to 100 ke, while 
counters CK6802 and CK6476 count at 


speeds to 4 ke. Counters CK6476 and 
CK 6910 offer electrical readout from 
any cathode lead: CK6802 and CK6909 
offer electrical readout at 0, 5, 8 and 9 
cathode leads. Bidirectional ring-step 
ping tubes feature low dissipation and 
Raytheon Co 
55 Chapel 


short resolution time 
Industrial Components Div., 
St., Newton, Mass 


Circle $53 on postcard af end of book 


RESET COUNTER 


The 6-digit electric counter, designated 
CE-620 


actuating impulse and is regularly op 


registers one count for each 


erated at speeds to 1000 counts per 


An 7 
v 


‘ 
ey e s 
= : 
q ee 
a = 


min. Reset circuit requires 100 millise: 
total reset time, 2 sec 
60 cycles: 


other a-c voltages, with pushbutton re 


contact to make; 


For 120 or 240 volts or for 


set or with terminals. General Controls 
Co., 8072 McCormick Blvd., Skokie, 
ll Circle 554 on postcard at end of book 


PROJECTION DECADE 
COUNTER 


Model PDC 1000. capable of counting 
up to 100,000 events per second, pro 
(Continued on page 271) 
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now tHE GULUCGOLMIES GWA neppen 


BUILD A BIGGER SEALED, DRY TYPE TRANSFORMER 


Yr ARS ago, after consulting the Silicones Man, a 
major manufacturer designed and built one of the 
first big Class H, sealed, dry type transformers. 
Nitrogen-filled, the unit had what was a phenome- 
nal rating for dry types —1000 KVA, with a tempera- 
ture rise of 160°C —transforming 4160 volts to 440 
volts, three phase. 

The insulation which made this possible was 
UNION CARBIDE R-620 Silicone Impregnating Var- 
nish —today, a standard of the industry. 

Now your Silicones Man continues to introduce 
more “firsts.” For example, UN1ion CarBipE XR-65 
Silicone—a 100 per cent reactive resin—for Class H 


Uniocking the secrets of silicones 
Rubber, Monomers, Resins, Oils, Emulsions 


“Bakelite” and “Union Carbide” are registered 
trade-marks of Union Carbide Corporation 


coils and electrical equipment. This new solvent- 
less resin cures in thick sections at temperatures as 
low as 125°C. Yet it meets AIEE 220°C. ratings, 
withstanding starting and surge loads involving 
temperatures up to 250°C, 

If you have not yet investigated R-620 and XR-65 
Silicone Varnishes for high temperature electrical 
applications, contact your Silicones Man for infor- 
mation. He has offices in many cities. Or write 
Dept. KJ-6002, Silicones Division, Union Carbide 
Corporation, 270 Park Avenue, New York 17, N. Y. 
In Canada: Bakelite Division, Union Carbide 
Canada Limited, Toronto 7, Ontario. 


UNION 


CARBIDE Me eS 
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General Instrument and General Transistor have merged! 


Here is the most outstanding 

customer service available to 

the semiconductor industry! 
GENERAL TRRNSICTOn 


TRANSISTORS, DIODES, RECTIFIERS 


San Francisco (San Mateo, Cal.)~7~----- 


© REGIONAL SALES HEADQUARTERS 
AREA SALES OFFICE 
@ SALES OFFICE TO BE OPENED THIS FALL 


The merger of General Instrument and General Tran- 
sistor outpaces the semiconductor industry with the 
most unique marketing organization ever put together! 
Ready to serve you within minutes! Here assembled for 
you is the pick of the most capable sales engineer staff 
our Industry has seen. These semiconductor experts 
will work with you on all transistor, diode or rectifier 
problems. 

General Instrument proudly presents an integrated 
customer service organization of creative engineers in a 
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New England 
(Wellesley, Mass.) 


- Newark 


Nashington 
(Haddonfield, N. J.) __- 


in se 


national marketing netwc rk unparalleled in the semicon- 
ductor industry. 

Today you can dial one number for the most experi- 
enced application assistance! Dial one number for imme 
diate product availability of the industry's most complete 
line. Dial one number for proven design data you can 
rely on. 

Phone today—right now—and let us show you why GI 
is your best supplier of transistors, diodes and rectifiers. 


SEMICONDUCTOR 


65 Gouverneur Street, Newark 4, New Jersey 
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G Factory 


WESTERN REGIONAL HEADQUARTERS 
11982 Wilshire Boulevard 
Los Angeles, California 
Granite 8-4750 
Bradshaw 2-0781 


SAN FRANCISCO AREA OFFICE 
60 West 41 Street 
San Mateo, California 
Fireside 1-7407 


CHICAGO AREA OFFICE 
5232 W. Diversey Avenue 
Chicago, Illinois 
Avenue 2-6700 


EASTERN REGIONAL HEADQUARTERS 
600 W. John Street 


Hicksville, 
Long Island, N.Y. 


NEW ENGLAND AREA OFFICE 
204 Worcester Street 
Wellesley, Massachusetts 
Cedar 5-4406 


NORTHERN NEW JERSEY AREA OFFICE 


on; 65 Gouverneur Street 


Newark 4, New Jersey 

Humboldt 5-2100 
PHILADELPHIA AREA OFFICE 

36 Tanner Street 


one; Haddonfield, New 
Hazel 81250 


IN CANADA: 
General Instrument — 
F. W. Sickles of Canada 


P.O. Box 408, 
EB) 151 5. Weber street 
Waterloo, Ontario, Canada 


Sherwood 4-8101 


Jersey 


For the name of your local authorized | 


distributor, contact -- Distributor Di- 
vision Headquarters, General Instrument 


Corporation, 65 Gouverneur Street, New- 


ark 4, New Jersey — HUmboidt 5-2100. 


vides digits readable at 30 ft, 120 deg. 
Self-contained solid-state modules com- 
bine without amplification or special 
circuitry to permit extended digital dis- 
play or preset counter. Input power, 12 
volts d-c at 240 ma, 20 volts d-c at 10 
ma; output signals, projected numerals 
114% in. high x 1 in. wide. For preset 


| counter, 6-volt pulses represent each 


count. Frequency, 0 to 100 ke; trigger 
pulse, 4-12 volts, either positive or neg- 
ative-going; output impedance, 
ohms; weight, less than 1 lb; dimen- 
sions, 25% x 1% x 8% in. Telemetrics 


Inc., 12927 S. Budlong Ave., Gardena, 


Calif. 
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IMPULSE COUNTERS 
Model TCe7E and TCe8E Sodeco 7- 


| and 8-digit totalizing electric impulse 


counters are available in two counting 
speeds: 


impulses per sec. Power requirements 


1.6 watts at 24 volts d-c for 10 
impulse per sec models. Counters are 
furnished without reset. Size 1.653 x 
1.220 x 4.370 in. Landis & Gyr, Inc., 
45 West 45 St.. New York 36, N. Y. 

Circle 556 on postcard at end of book 


DIGITAL COUNTER 


are 


| AND TIMER 


j 


| 


i 





Model 8000 digital counter provides up 
to three electrical, decimal outputs 
representing the total count. External 


contact closure operates the counter, 
which is standard in three- or four- 


| digit models. Model 9000 digital timer 


gives a total range of 0000 to 9999 in 
various resolutions. Both the counters 
and timers reset to zero and continue 
counting when maximum range is 
reached. Units incorporate optional re- 
setting feature. . Chrono-Log Corp., 
P.O. Box 4587, Philadelphia 31. 

Circle 557 on postcard at end of book 


ELAPSED-TIME INDICATOR 


Model 1440 indicator displays four 
white 0.019-in. numerals on a dull 
black counter drum. Counter provides 


25 impulses per sec and 10 | 


330 


Rubber tin—A tin compound that 
stretches like rubber and can be vul- 
canized has been developed by the 
Army. Tin is substituted for carbon, 
the usual base of rubber. The new 
polymer, alkyl tin methacrylate, is a 
“stretchable” high-temperature mate- 
rial with greater resistance to chemical 
fuel than conventional rubber. This 
may lead to a series of carbon-replace- 
ment materials similar to boron chem- 
ical fuels. 


New tinplate that is lighter, 
stronger and thinner than any ever 
made is being researched by major 
steel producers. It shows great promise 
and is expected to offer important 
economic advantages to canners and 
other tin plate users, for shipping and 
product protection. No change in tin 
content of the new plate is indicated. 


Nonspattering flux is the re- 
sult of experiments by Tin Research 
Institute. The new soldering process 
uses polyethylene glycol instead of 
acidified water as a vehicle for acid 
fluxes. It has a low boiling point— 
flux won't spatter when it contacts 
molten solder or soldering bit. Spreads 
smoothly over large area. Won't rust 
or corrode; residue washes off easily. 
Low volatility prevents evaporation; 
high flashpoint eliminates fire risk. No 
unpleasant odors or harmful fumes. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


| 
The Malayan Tin Bureau 
Dept. 14-L, 2000 K Street, N.W., Washington 6, D.C. 


Circle 265 on Inquiry Card 271 





HE QyuQjy TERMINAL LUGS 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


INDENTED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


SHERMAN 
UNIL-CRIMP , 
LUG 


VOID FREE 
CONNECTION 


SHERMAN HAND CRIMPING TOOLS 


Portable or berich mounted for fast, easy instal 
lation of money-saving Sherman terminal tugs 


SHERMAN 
sT’ ius 


H. B. SHERMAN MANUFACTURING CO., BATTLE CREEK, MICHIGAN 


Circle 266 on Inquiry Card 


USE 


‘ 


re 


dt) i 


ee he lS 
e Easy to Assemble 
e Occupy Small Space 


PEt Meh ae hi iel tT a AL 
Ala insulation els 
Radio-Frequency Appli- 


cations 


3301FP——-FOR FRONT OF PANEL MOUNTING. 
Hex nut attached on bock side of pone! eliminates 
unouthorized tampering. Requires only %,” dia. 
mounting hole—con be mounted on 2” centers. 


hk—ié a 
3501FR—FOR BACK OF PANEL MOUNTING. 
Mounts with a standard %”-32 threaded locknut in 
front. Requires only 7/4" dia. mounting hole—con be 
mounted on %” centers. 

SWIiCHCRAFT, INC. 


5539 N. Elston Ave., Chicago 30, Ili 
Canedion Rep.: Atias Radic Corp., Ltd., 50 Wingeld Ave., Toronto 
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readings from 0000 to 9999 hr with 
return to 0000. Hermetically sealed unit 
is 670 in. diam, 1.680 in. long, weighs 
1.8 oz. Nominal input requirement is 
115 volts at 400 cps, single phase. Cur 
rent approx 10 ma. Bowmar Instruments 
Corp., 8000 Bluffton Rd., Fort Wayne, 
Ind. 

Circle 558 on postcard at end of book 


D-C ELAPSED-TIME 
INDICATOR 


Subminiature indicator, accurate to 1 
per cent, meets MIL-E-5272C at —65 
to +160 F, 100,000 ft altitude, 10 to 
500 cps vibration at 10 g. Measuring | 


in. diam x 114 in. depth, the 2-0z, 20 
to 30 volt d-c unit is offered in 1000- 
and 10.000-hr models. Houston Fear 
less Div. 11800 W. Olympic Blvd., 
Los Angeles 64. 

Circle $59 on postcard at end of book 


AUTOMATIC-RESET 
PUSHBUTTON TIMER 


The a-c/d-c Model 309 timer shuts off 
and resets automatically, and features 
metal-to-neoprene impingement clutch; 
one SPDT snap-action load contact in 
series with motor, plus optional second 


SPDT snap-action independent load 
contact. Can be mounted three ways: 
one-hole mounting with ring clamp, 
surface mounting with bracket or front 
of-panel mounting. Available in 16 
standard dial ranges from 6 sec to 60 
hr; special ranges can be provided 
Automatic Timing & Controls, Inc., 
King of Prussia, Pa. 

Circle 560 on postcard at end of book 
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This shaded pole motor 
is available as a high 

speed motor alone or as 
the backbone of BREVEL's 


quality gear motors. 


7 a 


re Sea eee CONTROL 
nsures the Dest in 
DANO coll ENCAPSULATION every da DY. ---sereereseseeees 


Also send us your specifications for quotation on: 


BOBBIN COILS © PAPER INTERLEAVE COILS Brevel meets 


COTTON INTERWEAVE COILS © FORM WOUND COILS 
COILS FOR HIGH TEMPERATURE APPLICATIONS 


TRANSFORMERS MADE TO ORDER | unusual 


THE DANO ELECTRIC COMPANY 


93 Main Street « Winsted, Conn, | specifications 
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Sees eS SSSSSSSSSSSSSSHHHHHH HHH HEHEHE SETS EHEEEED OF 


“GLASS. TIPPED” SET screws || fOr Small motor 


GLASS—Hard, Dense, 
Smooth, Concentric, 


Y sonore applications 


SCREW—-Stainless Steel, 
Slotted, Ground Threads, BRS : 
IN STOCK— Sizes 4, 6, 8 NF. G N.C Your new appliances get into 


production -— and to market— _ Series $ 
4-48 x 7/32, 5/16, 3/8, 7/16 G 1/2 


faster, at lower cost when eee ee 
6-40 x 9/32, 3/8 & 1/2 BREVEL supplies your mo- 
8-32 x 5/16, 1/2 G 7/8 


tors. Chances are we have a 
HARTWOOD GLASS & METALS COMPANY suitable design! 

P.O. Box 865 Martinsburg, West Virginia You can rely on BREVEL’s 
Specializing in Glass Coated Metals for Electrical Insulation experienced specialization to 





Circle 269 on Inquiry Cord design, engineer, and volume- 
EE produce precision motors that 


| give consistently superior serv- 
D ¥ 4 E | ice at low cost. Series W 
|e 2 Se ear ten 
. T E m —— Our representatives cover ev- Gear Motor 


= | ery part of North America 
So i Popular ckage is 0 ocal offices. Write, wire, ; 
Stops on ae ete | from local office Write wire Series F 
making Dies and mY Bakelite cap holding | phone now... and find out, Enclosed Helical 
~ soft-hair brush | Gear Motor 

a plying right at oe 
metal surface ready for 
layout in a few minutes 
\ The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


|BREVEL PRODUCTS CORP. 
ne Gr coe | manufacturers of small motors for the appliance industry 
? HE DYKEM COMPANY 627 West 26th Street, New York 1 @ WaAtkins 4-4737 


CHICAGO: Jerry Golten Co. © 2750 W. North Ave. © EVerglade 4.5959 

2303F North 11th $1. + St. Louis 6, Me. | LOS ANGELES: Electric Motor Engineering, Inc. * 8255 Beverly Blvd. * Olive 1-3220 
TORONTO: Brevel Products, Ltd. © 45 Crockford Bivd. © Scarborough, Ont. © i 7-5140 
MEXICO CITY: Arture A. Aquiler * INdependencia 59-202 + Mexico 1, BD. F. 
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. d te, write or 
tion DE 4.3100. Dem- 


by locell 


ve 


Versatile, 
Transistorized 
Instrument 
CER as 

DC to 400 cps 
Fields 

UT gaa a] 


REL Model 1890 
aussmeter 


measures flux densities 
from 0.1 to 20,000 gausses 


with .01-gauss resolution 


Sensitive enough to register half-scale deflection for 
the earth's magnetic field, the Model 1890 provides a selec 
tion of 14 overlapping ranges from 1 gauss full-scale to 20K 
gausses. Accuracy over all! ranges, using standard reference 
magnet, is better than 3%, with repeatability of meter read 
ings better than 0.5% 

Temperature stable, InAs flat and axial probes are 
encapsulated in glass reinforced epoxy for durability and 
safe use around exposed electrical circuits 

The indicating meter is calibrated in gausses, has 
mirror scale, knife edge pointer and can be adjusted to four 
positions for most comfortable reading 


Meter has flexible leads, can be re- 
moved from cabinet and placed next to 
magnet structure being measured for most 
accurate reading. Jacks for external re 
corder output (1 ma. into 1500 ohm max.) 
and oscilloscope (2 volts max.) are also 
provided. Choice of plug-in AC supply or 
battery pack for portable or field use. Price 
$440. with flat probe and battery supply 


Performance is rigidly guaranteed 


Prices are f.0.b. Boonton, NJ 
ond subject to change without notice. 
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MINIATURE ADJUSTABLE 
SEQUENCE TIMER 


Model 4-23 timer meets vibration, shock 
and acceleration requirements of MIL- 
E-5272C 
cent; adjustable time span is | sec to 


Accuracy, better than 3 per 


45 min, with setting within 0.1 per cent 
of total period; multiple switch closure 
provided during and after powered 
flight: current drain, less than 70 ma 
Drive, gear 
switching are 
frame. Acton Laboratories In 533 


Main St., Acton, Mass 
Circle 561 on postcard at end of book 


RESET TIMER 


External clutch 


housing, cam shaft and 


mounted in 3-in.-wide 


reset timer tunctions 


as delay and interval timer, actuating 
switches after an adjustable time period 


With single 15-amp SPDT load switch 


10-amp SPDT load switches 
Units operate at 120 to 240 volts a-c, 
50 or 60 cps. Time ranges adjustable 
Haydon Div., 
General Time Corp., 245 East Elm St., 
Torrington, Conn 
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HERMETICALLY-SEALED 

TIME TOTALIZER 

Elapsed-time indicator 620, designed to 

meet MIL-M-7793B and MIL-E-5272B, 

registers to 9999.9 hr total operating or 
(Continued on page 278) 


or two 


from 6 sec to 4 hours. 
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Unmatched for 


MIL-R-11 APPLICATIONS 


Today's best looking resistors are every bit 
as good as they look. Going beyond MIL- 
R-1l requirements, Coldite 70+ Resistors 
give important dividends in terms of load 
life, moisture resistance and other important 
characteristics. 


Unmatched for 


EASY SOLDERING 


Thanks to an exclusive extra solder coating 
applied after the usual tin dipping, Coldite 
70+ Resistors solder readily by any method 
dip or iron. Leads stay tarnish-free and 
solderable even after months in storage. 


Chile 70* 


fixed composition 


RC-42 
(2-watts) 


RESISTORS 


GET THEM IN 24 HOURS OR LESS 


- +. from These Leading Distributors 


BALTIMORE, MD GLENDALE, CAL 


IF. SCRANTON, PA. 


Kann Ellert Electronics, Inc R. V. Weatherford Co Fred P. Pursell 


BATTLE CREEK, MICH INDIANAPOLIS, 


IND. SEATTLE, WASH. 


Electronic Supply Corp Radio Distributing Co C & G Electronics Co 


BINGHAMTON, N. Y. KANSAS CITY, MO 7S oe a. 
Morris Distribut ng Co. Inc Burstein Applebee Co erstate uppiy UO 


BIRMINGHAM, ALA MELBOURNE, FLA. 


MG Electrical Supply C Electronic Supply 
BOSTON, MASS MIAMI, FLA 


Cramer Electronics, Inc Electronic Supply 


Sager Electrical Supply 
BROOKLYN, N. Y NEW YORK, N. Y. 


Electrical Equipment Corp Harvey Radio C 


CLEVELAND, OHIO Milo Electronics Corp 
Pioneer Electronic Supply Co Sun Radio & Electronics Co., Inc 


DALLAS, TEXAS PHILADELPHIA, 
Tekko Almo Radio Co 


DAYTON, OHIO ROANOKE, VA. 
Srepco, In Peoples Radio & TV 


SYRACUSE, N. Y. 

Morris Electronics of Syracuse, Inc. 
TACOMA, WASH. 

C & G Electronics Co 


WASHINGTON, D. C. 
Electronic Industrial Sales, Inc. 


Electronic Center, Inc WATERBURY, CONN. 


Bond Radio Supply Co. Inc. 
WEST PALM BEACH, FLA. 

Goddard Distributors, Inc. 
WICHITA, KANS. 

Interstate Electronic Supply Corp. 


WILBRAHAM, MASS. 
Supply Co. Industrial Components Corp 


PA. 


DENVER, COLO SAN DIEGO, CALIF. WINSTON-SALEM, N. C. 


Denver Electronics Supply Co Radio Parts Co 


Dalton-Hege Radio Supply 


and G-C / STACKPOLE, TOO!—Attractively packaged by G-C Electronics for service 
replacement uses, Coldite 70* Resistors are also available through over 800 G-C distributors. 
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The Westinghouse control transformer is your profit-maker special. When you build The Black Line into your 
control, you immediately hook up to a transformer that will make your control work better and harder for your 
customer—more dependably, too. Sound like a big order? It is—and The Black Line of Westinghouse control 
transformers really delivers. They are ideally suited for almost all machine tool and other control applications. 
Offered in a wide range of voltages, standard, stocked Black Line ratings (types LC, SD, LCO and MTB) will cover 
about 90 percent of all voltage requirements. The SD line is primarily designed to meet limited space require- 
ments for control panel use. 

The Black Line uses Class A insulation. The assembled core and coil are thoroughly impregnated with 
Bondar®, a dust- and moisture-resistant insulating varnish development of Westinghouse research. Additional 
protection is available on all type MTB Black Line transformers with easy-to-mount fuse blocks. On 1.0- to 
1.5-kva ratings, the Quicklag® circuit breaker can be easily added. 

For control transformers that build quality and profit into your control—get aboard the Westinghouse Black 
Line today. And only Westinghouse can offer overnight delivery to practically any point in the U.S. Your West- 
inghouse representative has complete information. Or, write Westinghouse Electric Corporation, P.O. Box 868, 
Pittsburgh 30, Pennsylvania. 5.70945 


You CAW BE SURE...1¢ ws Westi nghouse 


| WESTINGHOUSE 
PROFIT 
|_ SPECIAL 


i ] r f as 
J AEN 


} 
‘ 
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Can a silicon rectifier 


solve your problem? 


It might, if you have a problem in DC power sources. For 
example, some time ago C & D needed a high efficiency, con- 
stant potential, current limiting DC power supply. Output 
had to be held within + 1% over an AC input variation of + 
15%. In addition, maintenance would have to be virtually nil. 

The answer was found by using a silicon rectifier in com- 
bination with simplified components that became the heart 
of C & D's AutoReg® charger. AutoReg chargers provide 
continuous, automatic, unattended charging of industrial 
storage batteries. With the exception of a timing circuit 
there are no moving parts. There are no relays to adjust and 
practically no maintenance is required. 

Now, C & D has expanded facilities of the AutoReg plant 
to provide industry with similar DC sources, which incor- 
porate silicon rectifiers and automatic regulation. Final form 
of these units can supply power in a range from milliwatts to 
megawatts, depending upon your requirements. 

Companies with a problem in DC power sources should 
write, giving a general outline of their requirements, to: 
Vice President in Charge of Engineering 


AutoReg’ Power Sources 


Trezao SBATTTERIELC S&S 
of Corushohocken.. Su... Aittica, Tra. 


OoOmv THE £LE2CTeic AUTOWUINTe co 


Manutacturers of Styver-Clad® industrial Batteries - PlastiCell® and PiastiCal® Batteries for Communications, Control, and 
Auxiliary Power - Prodecers of AutoReg® Silicon Chargers and AuteCal’ Charges-Battery Combinations 
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non-operating time tor electrically con- 
trolled equipment. Weighing about 4 
oz, unit meets MS-28053 and NEMA 
dimensional standards. Operating pow- 
er is 115 volts at 60 cps for hysteresis 
synchronous type constant-speed mo 
tor. Housings available for front or 
back panel mounting. Drum counter 
minimum life is 10,000 hr. Cramer 
Controls Corp., Centerbrook, Conn. 
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SOLID-STATE MODULES 


“HS” Series modules provide trans 
istorized Sheffer Stroke gates for use in 
mechanizing digital systems. Complete 
digital switching networks, including 
flip-flops, can be built from these gates 


alone. Available gates have from two to 
six inputs, with provisions for inter 
connecting gates to provide more than 
“1X Inputs Abacus. Inc.. 3040 Overland 
Ave., Los Angeles 34 
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DELAYED-RETURN FLIP-FLOP 


Transistorized model 50-203, incorpo- 
rating timing delay from 2 to 300 sec, 
operates from —20 volts. It has two in 
puts: start and stop, and two outputs. 
One output lead is —15 volts d-c; the 
other, —5 volts d-c. Voltages at output 
leads alternate with pulses. Signal in- 
puts, +-10 volts, 20 usec pulse; maxi- 
mum source impedance, 5000 ohms; 
retriggering time, 50 millisec; tempera- 
ture range, —67 to 160 F; vibration, 
to 15 g; timing accuracy, within + 10 
per cent; dimensions, 3.625 x 1.25 x 
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MYSTIK BRAND 
SILICONE FIBERGLAS 
TAPES 


Despite terrific temperature changes, abra- —_ 7000-G: Silicone adhesive 
sions and repeated immersions in acids, %.35° = — 
oils and water—these stainproof electrical —_7100-G: Siticone adhesive 
tapes have demonstrated their ability to [ — oe ie 8 
seal... hold . . . and insulate without  7300-extra Thin: Fiexi- 
weakening. 7000-G and 7100-G will meet #* Mylar® polyester fim 


backing. Temperature 
your Class H insulation requirements. 


range: —80" to +325° F 
's 
 AeTILG | 


be —d 


Write for samples and further information 

Mystik Adhesive Products, inc. 

42304 W. Drummond Place, Chicago 39, Illinois 
Circle 276 on inquiry Cord 
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GRIEVE- 
HENDRY 


PORTABLE 
ELECTRIC 
OVEN 


a 

PRODUCTION, 
OR , 

LABORATORY 


Quick Quotetions 
—Prompt Deliv- 
ery — Reeson- 

Prices — on 
Ovens made to 
your specifice- 
tions, 


GRIEVE -HENDRY CO 
1331 WN. ELSTON AVE., CHICAGO 22, ILL. 
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HEAVY-DUTY 


eo 


WITCHES 


For motor 
loads 


2 HP 250 v.a-< 
1 HP 125 v.a-c 


For heater loads 
20 amperes 125 /250/480 v.a-c 
For lamp loads 


10 amperes 125 v.a-c 
(tungsten-filament) 


KLBP.RH 


UL listing. 
KL8C-RH 
Mechanical 
Features 
Sturdy die-cast housing 
with threaded hub 


Right- or left-hand mounting 


Removable, KLO-RH 
“O”-ring-sealed cover 
with captive attachment 
screws 
All wiring connections made 


with switch outside housing 


Sealed actuators 


Adjustable roller-arm or 
hand-operated actuators 


Roller-plunger actuators 


Write for Bulletin B-30 
that gives details and useful 
application data. 


UNIMAX SWITCH 


IVES ROAD, WALLINGFORD, CONNECTICUT 
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checkmated for new material ideas? 


INSUROK™ has “‘ACROSS-THE-BOARD”’ 
THRU TA aT NY Lies 


Richardson laminated and fabricated parts outperform many 
other materials used in the electrical electronic fields because 
of their unique and different combinations of desirable plastic 
properties. In special degrees, INSUROK grades have: (1) 
Low dielectric loss. (2) Low moisture absorption. (3) Flame 
retardance. (4) High insulation resistance. (5) High strength, 
etc.—all these provide design flexibility and comply with the 
most rigid specifications. 


Richardson manufactures a complete line of INSUROK lam- 
inated grades to meet a great many design needs for govern- 
ment or commercial applications. Many copper clad grades 
are available. 


You can count on Richardson to work with you in selecting 
the right grade to fit your specific component requirements. 
Complete integration of manufacturing and fabricating facil- 
ities assure precise, accurate parts. Investigate INSUROK 
today. Richardson also custom molds a wide range of parts 
for consumer and industrial products. Call your nearest 
Richardson Branch Office, or write direct. 


Laminated 


Fabricated 


v 


FOUNDED IN 1858 


2799 LAKE STREET, MELROSE PARK, ILLINOIS 
Sales offices in principal cities 


Circle 279 on Inquiry Cord 


1.00 in. Hvdro- Aire Co., 3000 Winona 
Ave.. Burbank, Calif. 
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ANALOG-TO-DIGITAL 
CONVERTER 


Encoder RD-13G provides 8192 (2'*) 
codes per revolution without gearing 
Optical (non-contacting) converter 


Le 
OIGISYN 


contains modular plug-in components 
and self-contained spares to permit 
field servicing without special tools. 
Remote testing and monitoring possi- 
ble. Model ‘A is integral encoder 
shown; Model B has two separate 
cable-connected units for spaces which 
do not allow length of Model A. Wayne- 
George Corp., Adcon Div., Boston, 
Mass 

Circle 566 on postcard af end of book 


DIGITAL-ANALOG 
CONVERTER 


Solid state Model 43 converters ac« ept 
digital data in any one of several forms 
and provide a precision analog voltage 
output proportional to the digital input. 
Self-contained rack-mounted units uti- 
lize printed-circuit techniques and 
modular plug-in assemblies, including 
internal plug-in power supply. Front 
panel contains illuminated display for 
visual monitoring, testing and calibra- 
tion. Overall accuracy, better than 
*0.10 per cent. Converters available 
with one, two, three or four straight 
binary or binary-coded decimal chan 
nels. For straight binary, up to 12 bits 
per channel may be supplied; for 
binary-coded decimal, up to four de- 
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inertially damped servo motors 


Thirteen lucky solutions to stability prob- 
lems! Transicoil’s complete new line of accelera- 
tion (inertially) damped servo motors matches 
every conceivable requirement with performance 
far in advance of previously available models. You 
can have size 8, 11, 15, or 18. . . in 4, 6, or 8 poles 

. standard or high torque .. . corner frequen- 
cies cut to your special needs. And if necessary, 
an endless variety of special motor windings 
and shaft configurations. Highest 3rd corner fre- 
quency available in industry assures excellent sys- 
tem frequency response. Also, the large difference 
between the 2nd and 3rd corner frequencies sim- 
plifies amplifier stability requirements. 


Using these new damped motors in a system 
you can operate at higher gain, with less position 
or velocity error, less backlash sensitivity, in- 
creased stability. They’re far superior to damp- 
ing generators in marginally unstable systems. 
And compared to viscous damping or rate feed- 
back, permit high slewing speed, consume less 


ili, | 
DAYSTROM » INCORPORATED 
ma 


TRANSICOIL DIVISION 


power, generate less heat, require less wiring, 
and need no warm-up period. 


SPECIFICATION SHEETS on the complete line are 
available now on request. Or, just tell us your 
problems and we'll do our best to come up with 
a solution. 


Typical Characteristics Asymptotic Frequency Response 
of Size 8-4 pole, Size 11-4 pole Units 


J CORNER FREQUENCY 
i | UNDAMPED MOTOR 


7 ? 27 
CORNER FREQUENCY C.P.S. 
Foreign: Daystrom Interfational Div., 100 Empire St., 


Newark 12, New Jersey. In Canada: Daystrom, Ltd., 840 
Caledonia Rd., Toronto 19, Ontario. 


WORCESTER + MONTGOMERY COUNTY - PENNSYLVANIA 
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ith Weldmatic Welding 


a 


big step to relidiility 0 
le of el Pic welding. oo 
ponent paciditlt can ber 
we iy’ proven advggtnges : 
WBUT REDUC * 


alte = 
LITY ‘ 
— 


Solder Joint old 
—_  % 


The reason is revealed in the ) 

Compare these tinned rc is 
leads, welded and soldered, each 8 
magnified 50 times. In the solder 
resistance is created through plating — 

on the surface and through the 

addition of solder. Note the poor conne i 
In the Weldmatic welded joint, you can 
see complete fusion of the parent 

metals. This welded joint is stronger than 
the parent metals, has excellent ie 
conductivity, and can be produced 
operator skill. : 
Ask Weldmatic for a free sample weld 


evaluation... you'll receive the 


best in current technical knowledge. 


WELDMATIC DIVISION 
950 Royal Oaks Dr., Monrovia, Calif. 
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cades per channel. Decimal-input in 
struments also available. Optional 
equipment includes S-volt Zener 
diode referen e supply. F. l . Moseley 
|Co., 409 North Fair Oaks Ave., Pasa 


dena, Calif 
Circle 567 on postcard at end of book 


COMBINATION BISTABLE 
AMPLIFIER 


Combination magnetic-amplifier/con- 
trolled rectifier uses all-silicon solid 


state components for bistable opera 


tion. Responding to 0.05 microwatt in 
put, amplifier output is 24 volts d-c at 
up to 1 amp. Four control windings 
permit comparison, addition or sub 
traction of up to four inputs. Operat- 
| ing temperature range, —55 to +85 C; 
response time, 22 millisec. Optional 
versions include extra control windings, 
output ratings up to 220 volts at 4 amp 
and choice of a-c or d-c output. Nor 
batrol Electronics Corp., 356 Collins 
Ave., Pittsburgh 6 
Circle 568 on postcard at end of book 


DIGITAL BUFFER STORAGE 


| Magnetic digital storage systems have 
capacities from 36 to 4032 characters 
System contains functional circuits for 
|addressing, driving, writing, sensing 
}and output flip-flops. Character load 
|ing or unloading time is 5 usec, repeat 
| rate is 100,000 characters per sec. In- 
| put characteristics include: impedance, 
11500 ohms; signal pulse duration, 


(Continued on page 285) 
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+165°F 


COMPENSATES 
FOR BOTH HEAT 
AND COLD FROM 
—20°F to 165°F 


RELIABLE AND ACCURATE PROTECTION REGARDLESS OF HEAT OR COLD 


Here, for the first time, is a compact overload 
relay that compensates for both heat and cold, 
operating on the same time curve at all tem- 
peratures from -20°F to 165° F. Compensation is 
completely automatic. No field adjustment is 
needed. Operating mechanism is simple, rugged 
and dependable. . 

This performance is made possible by the exclu- 
sive Arrow-Hart “Balancing Bi-Metal” which is 
located in a separate compartment and is not; 
therefore, affected by heat applied to the working 
bi-metal. 


¢ MUCH SMALLER SIZE... than any other comparable 
unit now available. Base size is the same as stand- 
ard A-H Overload Relays. 

¢ USES STANDARD HEATERS .. . and works equally well 
with either quick-trip or regular type. 

© COMPENSATES AUTOMATICALLY for both heat or cold, 
by means of an exclusive, “Balancing Bi-Metal” 


SEE NEXT PAGE FOR CONSTRUCTION DETAILS and ADDITIONAL DATA- - '__- 
THE 


Effective through a temperature range from 
—20°F to 165°F. 

¢ DEPENDABLE IN OPERATION .. . and requires no adjust- 
ments of any kind. 

e AVAILABLE... with all A-H Starters. Ratings 
from 25 to 300 amperes, continuous current. 

Normally supplied with manual reset. If desired, 
relays can be equipped with a change-over lever 


that provides manual or automatic reset, as re- 
quired. 


IDEAL FOR USE... 


OUTDOORS ...... in oil fields and other 
installations subjected to wide seasonal or daily 
changes in ambient temperatures. 


INDOORS ... for control installations lo- 
cated near boilers, furnaces, heating units or 
refrigeration equipment and subjected to wide 
daily changes in ambient temperature. 





ARROW-HART & HEGEMAN ELECTRIC CO., HARTFORD 6, CONNECTICUT 
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AMBIENT COMPENSATED 
OVERLOAD RELAYS 


WITH “BALANCING BI-METAL”™ 





DEPENDAE 
A WIDE RA 


As shown in the accompan 

the working bi-metal and f | HET 

sating bi-metal are identical to 

construction and are joined b ad 

pling bar. As the ambient temp 00r—+-+y 

rises above 72°F, the compensati aa | 

metal operates through the coupling | \} _{-STANDARD HEATER CURVE (NOMINAL) 
to move the working bi-metal in ord ’ | | SR | } 

to maintain its distance from the tri | | BA) 1 QUICK TRIP HEATER CURVE (NOMINAL) 
arm. Similarly, as the ambient tempera- TTI a. 

ture falls below 72°F, the compensating Liu : y FOLERANCE BANDS 

bi-metal operates to maintain its dis- 
tance from the trip arm. Therefore, trip- 
ping time remains the same regardless 
of temperature. Switching mechanism 
itself employs the same positive snap- ® 
action featured in all Arrow-Hart Over- 
load Relays. The calibrating screw 
permits precise setting. This screw is set 
and sealed at the factory and requires 
no further adjustment. 


PERCENT Q 


. e828. L241. 7... °° 
SEND NOW FOR COMPLETE INFORMATION on 


COMPARABLE IN SIZE TO 
STANDARD ARROW-HART O.L. RELAYS 


ee 


TRIP ARM 


SNAP ACTION 
SWITCHING 
MECHANISM 


CALIBRATING SCREW COMPENSATING 
Ambient Compensated Standard FACTORY SET AND SEALED 
O.L. Relay O.L. Relay 


PATENT NO. 2,908,786 





OPERATES ON THE SAME TIME CURVE AT ALL 
TEMPERATURES FROM — 20°F TO 165°F! 


ARROW © HART 


ually since 1890 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 

103 Hawthorn Street, Hartford 6, Connecticut 
MOTOR CONTROL DIVISION 

Please send me complete information on the new Arrow- 

Hart Ambient Compensated Overload Relays with exclusive 

“Balancing Bi-Metal” Mechanism. 

name 

position 

company 

co. address 

city 


MOTOR CONTROLS +- ENCLOSED SWITCHES 
APPLIANCE SWITCHES + WIRING DEVICES 


jaa eeeeneseeeesseeaaanast 


) usec min. Output is pulse or d-c level, | 
output signal appears 2 usec after read 
syne pulse. Input power is 117 #15 


a eine hele ee HARPER PARTS LIKE THESE 


Tine 
Circle 569 on postcard at end of book 


Pe A7 BIG SAVINGS | 


PERFORATED TAPE READER 


Solid-state Model B3500 reader senses 
loop or strip tape perforations with | 
silicon photodiodes. Polishing of paper 
or Mylar against the diode lens im- 


proves sensitivity, provides self-clean 


ing to reduce reading errors. Bi-dires 
tional spooler available at speeds to 
X00 characters per sec, with 8-in. reels 
Iwo flip-flops control four solenoids to 
start and stop in either direction, allow 
ing high-speed search, location and re 
verse to read entire block. Unit includes 


8-level-plus sprocket reading head, 


power supply, pulse circuits. Variable 
tape guide permits reading 5, 6, 7 or | 
&-level tapes. Seven-in.-high unit mounts 
on standard 19-in. rack. Dykor Tape 
Reader Div., Digitronics Corp., Albert- 
son, L.L, N.Y | 
Circle $70 on postcard at end of book | 


PUNCHED-TAPE READER 


{ p to 1000 characters per second on 
standard 5, 6, 7 and 8hole punched 
paper tape can be read with solid-state 
photoelectric elements. Completely vari 


PARTS PRODUCED BY HARPER 


are cold formed or hot forged from bar and wire stock with practically no waste of 
able speed is under computer control metal. In a completely integrated plant, Harper's controlled processes—from billet 
at all times, allowing reader to be to bolt—assure quality and uniformity resulting in a better part at important savings. 
stopped before each succeeding char- With an inventory of over 150,000,000 pieces in more than 100 alloys—including many 
acter over entire speed range. Unit, specials illustrated above—Harper can fill your order today. Consult the Yellow Pages 
complete with lamp, driving motor, elec- for the name of your nearest Harper Distributor. 
tromagnets and optical system, weighs 
15 lb. Dimensions, 1054 x 8% in. high. 
Information Systems, Inc.. 10131 Na- 


' ‘ - 
tional Blvd., Los Angeles 34. 4 Write today on your letterhead 


Circle $71 on postcard at end of book for FREE copy of Harper's 
FLO-FORM Brochure 


THE H. M. HARPER COMPANY 


nesemnen 1000 Circle 283 on Inquiry Cord > 8208 Lehigh Ave. * Morton Grove, Ill. | A 4 8 i. e 


(Continued on page 286) 





HIGH-SPEED 
PUNCHED-TAPE READER 


Solid-state tape reader stops on se- 
lected character at normal tape-read- 
ing rate of more than 200 eight-bit 


characters per sec with optical scan- 
ning system. Unit reads characters on 
punched l-in. Mylar or paper tape, 
with 550-ft tape capacity. Normal 
tape-reading rate is 20 ips forward or 
reverse. Measuring 17 x 11 x 9 in. 
deep, the unit weighs approximately 
50 Ib. Power supply is 120-volt, 60 
cycles, single phase. Manufacturer will 
design other circuits to fit reader to 
user's computer system if necessary. 
Westrex Recording Equip. Dept., 6601 
Romaine St., Hollywood 38, Calif. 


Circle 572 on postcard at end of book 
FERRITE TRANSFORMER 


VERSATILE CORE KIT 


TRANSISTOR cplcations UEP" Feroahit com 
SERVO ‘“ sas sis ; anc me bars 
AMPLIFIER : 


Drives Servomotors Up To 10 Watts Output 


Designed for operation with any Diehl 1, 5 or 10 
watt servomotor at 60 and 400 cycle carrier fre- 
quencies, this new series of Transistor Servo 
Amplifiers is also capable of driving any Diehl 
size 11 or 15 servomotors, or equivalent. 
Superior electrical performance is typified by 
near-perfect linearity over a wide range of input 
voltage and by the absence of measurable phase ; lan a i : . 
shift over a 20 cps. passband eter tee 
2 —— of ee ee and 3E materials, nylon bobbins. Com- 
power outputs of 6 watts in a 1% inch long can plete technical data provided with 
or 35 watts in a 3% inch long can. Units are not a ee ube Corp. of America, 
potted, for accessability and ease of maintenance; ee 
air-tight cases are filled with inert aluminum oxide Circle 573 on postcard at end of book 
particles for maximum heat transfer. 
Also available is Diehl TP3-100 solid state | DRY-FILM LUBRICANT 
power supply which accommodates either 6 or “Fluoro Glide,” a dry-film lubricant, is 
35 watt units by means of direct plug-in. a collodial form of Teflon dispensed 
Please write for additional information. as an aerosol by a Freon propellant. 
+ 4003 sincer® | Lubricant is non-greasy, does not drip 


“ake. Since its ic c j 
DIEHL MANUFACTURING COMPANY oF cine. Since He ehatic commeamt of 


friction equals its dynamic coefficient 
A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY of friction, there is no stick-slip type 
Somerville, New Jersey of motion. Inert to nearly all chem- 


1A Trademark of THE DIEHL MANUFACTURING COMPANY “A Trademark of THE SINGER MANUFACTURING COMPANY | icals, can be used continuously at 
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NEW from Square D... 


A SMALLER 10 AMP RELAY- 
WITH INDUSTRIAL FEATURES! 


Terminal or 
Plug-In Wiring 


© RATINGS easily handle solenoid loads.- 
AC pilot duty rated 690 VA. Continuous . 
— 10 amperes, 125 volts AC for 


® Long Life makes suitable for rugged 
machine tool applications 


@ Molded coll operates cooler and keeps 
out moisture for longer life 
© No solder joints to break 
© Optional pilot light indicates when 
y is energized 
y, ® Durable nylon dust cover won't break, 
Actual Size crack or support combustion 
Type FO Relay ( cover removed ) 


ALL THESE VARIATIONS OF WIRING AND MOUNTING 


BINDER HEAD SLIP-ON 
SCREWS CONNECTORS 


Welle FOR DETAILS! + Square D Company, 
Dept. SA, 4041 North Richards Street, Milwaukee 12, Wisconsin 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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ACTUATES ANOTHER PRECISION PRODUCT... 


AMBIENT 
COMPENSATED 


A PRODUCT OF 
ARROW HART & HEGEMAN ELECTRIC COMPANY 
HARTFORD 6, CONNECTICUT 


Here's reliable and accurate protection regardless of heat or cold! 
Arrow-Hart has introduced the first compact overload relay that 
compensates for both heat and cold, operating on the same time 
curve at all temperatures from —20°F to 165°F. Compensation 
is completely automatic and is made possible by the exclusive 
Arrow-Hart “Balancing Bimetal.”’ 

As ambient temperatures go up or down, the compensating 
bimetal operates through the coupling bar to move the working 
bimetal in order to maintain its distance from the trip arm. Thus, 
tripping time remains the same, regardless of temperature. 

The unit is smaller than any of today’s comparable units, it uses 
standard heaters and is available with all A-H Starters. it is 
ideal for use either indoors or out, wherever wide changes in 
ambient temperatures occur. No field adjustment is necessary 
Both the working and compensating bimetal strips are made of 
Chace Thermostatic Bimetal. The manufacturer calls his product 
dependable, reliable and accurate; he is perfectly sure Chace 
Thermostatic Bimetal will operate as specified. We at Chace 
specialize in meeting specifications. Producing precision bimetal 
has been our only operation for more than a third of a century. 
That’s why Chace Thermostatic Bimetal is specified by large and 
small buyers everywhere. 

SEND NOW FOR OUR NEW “INFORMATION BOOKLET!” It contains 
many well illustrated pages of valuable design data and examples 
of successful applications of bimetal. More than 30 types of Chace 
Thermostatic Bimetal are available in coils, strips and completely 
fabricated elements of your design. 


"Pe eee See 
BUND Vel C VV oft Votl's 


1608 BEARD AVE., DETROIT 9, MICH 
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NEPA 


temperatures as high as 600 F or as 
low as cryogenic range. Chemplast, 
Inc., East Newark, N.J. 

Circle 574 on postcard at end of book 


ADHESIVE 


I'wo-part J1158 adhesive, consisting of 
base and catalyst, gives a_ resilient 


bond at —40 to +185 F. Bonds are 


made on metal to glass, metal to metal, 
plastic to glass, rubber to metal, rub- 
ber to glass. Adhesive cures at room 
temperature; cure time can be accel 
erated through application of heat. In 
dustrial Div. Armstrong Cork Co 
Lancaster, Pa. 


Circle 575 on postcard at end of book 


HEAT-SHRINKABLE 
VINYL TUBING 


Tubing is used in making wiring as 
semblies and harnesses. Vinyl shrinks 
when cured, contracts tightly around 
encased wires. Cure temperature for 
material is 275 to 300 F. Pre-stamped 
with cable identification for cable and 
wire markers. Foley Electronics Co.. 


4810 Calvert Rd., College Park, Md. 
Circle 576 on postcard at end of book 


INSULATED DIODE-BASE 
ASSEMBLIES 


Series 696 ceramic for use in insulated 
diode-base assemblies possesses a mini- 
mum alumina content of 97 per cent 


Finer grain results in improved ther- 
mal conductivity. High tensile strength 
contributes to improved strip test 
values. CFI Corp., Cottage Place, 
Mineola, N.Y. 


Circle 577 on postcard at end of book 
GOLD BONDED CONTACTS 


Contacts provide long contact life, as- 
sure freedom from over-plating, scal 
ing, peeling and blistering. Used in 


Circle 287 on inquiry Cord > 








If safety factors are a 


MUST in SOU application ne 


a 


An outstanding illustration of SRC quality, reliability and safety is found in its 35 ampere 
silicon power rectifiers. For example, these hermetically sealed diodes are so conservatively 
rated that they will withstand 1200 ampere surges! 

These silicon rectifiers are nominally rated at 35 amperes and are available in a range of 
50 to 600 volts. Readily interchangeable with standard existing 35 ampere: units, this entire 
premium rectifier series is now available for immediate delivery at no premium in price! 


For further detailed information and technical data send today for your free copy of the new 
SRC Silicon Rectifier Handbook and Catalog covering the full line up through 400 ampere units. 


SAs substantiated by United Testing Laboratories 


STANDARD OF QUALITY 


at STANDARD RECTIFIER CORP. 


620 East Dyer Road, Santa Ana, California - Kimberly 5-8241 


toledo Ny. 

wins! Aaa 

ey 

for greatest?” \g) 
speed in 
commutator 
service! 


You just can’t beat the 
fast service given by 
Toledo on quality built 
commutators and collector 
rings—around the clock \ 
service when requested. 
That’s all we do— 
manufacture and repair 
commutators and collector \ 
rings—so our engineering, 
production, inspection and 
shipping are all geared to 
these products. If you 
now manufacture your 
own, forget it. You can 
save money by ordering 
from us because then you 
won't have any investment 
in equipment, floor space, 
inventory or scrap. 

Write today for further 


information. 


toledo 


commutator co. 
Owosso 6, Michigan 


290 Circle 288 on Inquiry Cord 


place of high-cost materials, contacts 
eliminate shelf-life problems. Availa- 
ble in any standard button or rivet 
size and shape. Contacts, Inc., 11 
Silas Deane Highway, Wethersfield, 
Conn. 


Circle 578 on postcard at end of book 
SPIRAL CABLE WRAPPINGS 


Spiral wrappings are available in clear 
nylon, clear polyethylene and white 
flame-resistant polyethylene to form 
flexible electrical harnesses. Having 


OD’s of %, %4 or % in. reusable 
wrappings cover wire bundles to 4 in. 
diam. Wrapping tool supplied with 
each order. Panduit Corp., Dept EF-2, 
14461 Waverly Ave., Midlothian, Il. 
Circle 579 on postcard at end of book 


EPOXY-GLASS COIL FORMS 


Coil forms made of fiber glass impreg- 
nated with a high-temperature epoxy 
are available in 6, 8, 10 and 14 in. 
core diameters. Self-threading cores 
operate at 150 C. Electric strength, 
420 volts per mil; volume resistivity, 
10'** ohms. Special diameters prepared 


™ 
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offered by 


DINGS 


MOTOR MOUNTING 


A brake for ev- 
ery need! Direct- 
acting standard 
and waterproof, 
dust-ti ht mod- 
els with torque 
range of 1 » 
175 Ibs. ft. 
decheapdacetion 


l 
flange mountings. “Thru Shaft”, 
vertical and other special designs 
available. 


FOOT MOUNTING 


All Di Brakes 
available with 
foot mounting 
bracket for in- 
stallation wher- 
evera “C” flange 
mounting is im- 
practical. 


SERRATED CLUTCH COUPLING 


Two styles avail- 

able: Magneti- 
cally-engaged, 

IP sprin -released 

B12 oon 

¥ 32,000 Ibs. ft 

torque, and 

spring- “engaged, 
magnetically-released— 2000 
through 16,000 lbs. ft. torque. 


DINGS SERVICE 


Dings representatives in 29 U.S. 
cities, 3 Canadian cities, and in 
foreign countries, offer expert as- 
sistance with your brake or clutch 
problems, and prompt repair 
parts service. Ask about Dings 
complete engineering service for 
your brake or clutch application. 


Send for FREE BULLETIN 


Bulletin BK-4106 
gives general infor- 
mation about Dings 
complete tine of 
Magnetic Brakes. In- 
cludes applications, 
data, mounting, en- 
closures, selection, 
and usetul engineer- 
ing information. 
Send for your copy 
today. 


DINGS BRAKES, Inc. 


A subsidiary of Di E 
Magnetic Separator 
4713 West Electric name 
—~ Milwaukee 46, Wisconsin 


Circle 289 on Inquiry Card 





Magnetic Materials from General Electric 


Compact G-E dual-diameter d.g. magnets 
give you a free hand in speaker design 


General Electric dual-diameter, directional grain magnets clearly 
demonstrate that magnet size and weight are no longer any 
criterion of speaker performance. And, the reason is simple. 


G-E engineers have purposely designed weight and size out 
of dual-diameter, directional grain Alnico 5 magnets by concen- 
trating magnetic field energy within the area of voice coil travel. 
By combining the outstanding properties resulting from the G-E 


patented d.g. process with a design integrated to use these prop- 

a a of efficiency at the higher levels of gap energy Cina tliis ten shes Oe Oe 
, yea. size. The smaller G-E directional grain 
In addition, smaller, lower cost pole pieces and return paths Alnico 5 magnet at the right establishes air 

of powdered iron are now feasible in larger speaker sizes. Send Sep energy equal to that produced by the 

f f ll “h -_ ] ‘ f . . : ° . conventional Alnico 5 magnet at the left. 

or full technical information on G-E directional grain Alnico 5. ists Mie enmaet edeatalien ques ths ‘utd 

And, for a freer hand on any magnetic design, turn first to: diometer mognet volume. 

Magnetic Materials Section, General Electric Company, 7804 

N. Neff Street, Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL @® ELECTRIC 


CARBOLOYe CEMENTED CARBIDES « MAN-MADE DIAMONDS © MAGNETIC MATERIALS ¢ THERMISTORS © THYRITE® © VACUUM-MELTED ALLOYS 
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ELGINA—ELGINA— ELGINA—ELGIN A ELGINA_ELGINA ELGINA ELGINA— ELGINA to customer specifications. Wells Elec- 
tronics Co., 1701 S. Main St., South 


tl) POWER TYP Ez ss clo 580 oe pasted at end of book 
RELAYS 
ii rRomM sTOcK 


POWER CONTROL TYPES 
TYPE CONTACTS* COIL VOLTAGE (VAC) 
SPOT 15A 6, 12, 24, 115, 220 
DPOT 154 6, 12, 24, 115, 220 
3POT 15A 6, 24, 115, 220 
4PDT 15A 6, 24, 115, 220 
COM VOLTAGE (VDC) 
6, 12, 24, 110 
6, 12, 24, 110 
6, 12, 24, 110 
6, 12, 24, 110 
con COIL RES. 
VOLTAGE DC (OHMS) 
6 VAC 1.4 
24 VAC 25 
115 VAC 400 
220 VAC 1600 
6 VDC 16 
12 VOC 63 
24 VDC 250 
6 VDC 16 
12/115VA 115 VAC 400 


POWER TRANSFER TYPES 
SPSTNO 20A 6 VDC 
SPSTNO 20A 115 VAC 
SPOT 20A 6 VOC 
PH/1C/115VA SPDT 20A 115 VAC 
PV/1A/6VD SPSTNO 30A 6 VOC 
emus PV/1A/115VA SPSTNO 30A =-115_ VAC 
SEND FOR === PV/1C/6VD SPDT 30A 6 voc 
i PV/1C/115VA SPOT 30A 115 VAC 
LITERATURE ie eeaeagiaaaia - 


“Resistive rating 
NOW 


INSTRUMENT PANELS 


Standard or custom instrument panels 
built to meet MIL specifications are 
available in any size or quantity. Fab- 
rication, painting (300 pigments), silk 


© salt roe 


= 


3333 3333 


screening, finishing and engraving with 
pantograph dividing head to 1-minute 
calibrations. Zero Mfg. Co. 1121 
Chestnut St.. Burbank, Calif. 

Circle 581 on postcard at end of book 


SELF-ADHERING 
METALLIZED LAMINATES 


Metallized Mylar laminates’ with 


SSSSSSSSS 


pressure-sensitive backing are available 
in a variety of patterns and colors 
Laminate can be die-cut to require 
ments, available in cut-to-size sheets, 
or in rolls to 54 in. wide. Free sample 
swatch book. Lamart Corp., 16 Rich 
mond St., Clifton, N.J. 


—¥ NI913——¥ N19 13 ——¥ N19 13 —¥ NID 13 —¥ NID 13 —W NID 13 —W NID 13 —W NID 13—WN 


ELGIN A— ELGIN A—ELGIN A ELGIN A— ELGIN A—ELGIN A— ELGINA—ELGIN A—ELGINA— 


Gale) 2435 N. NAOMI ST. / BURBANK / CALIFORNIA 
——ZELGIN —¥ ELGIN——W ELGIN ——WELGIN—YW ELGIN —YW ELGIN—Y ELGIN —YWELGIN—YELGIN 
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MIL-SPEC CONTROL KNOBS 


Series 500 knobs, meeting MS-91528 
are available in round, skirted round 
dial-skirted round, plain and skirted 
pointers, and crank-types. Six sizes are 
provided in matte black or mirror fin 


THIS SPOOL! | 


-| 
eesseerees asase” 


KESTER. 
SOLDER 


Kester Fiux-Core Sovper is 

always first choice with those 

who know solder. They like 

the way it helps keep produc- ish. Knobs are molded of black Tenite 
tion costs in line, speeds as- | No. 2, with ribbed construction in 
sembly, assures dependable large knobs for added strength. Stand 
performance. Yes, American ard %4-in. shaft hole provided, with 
industry is sold on Kester... 1%.in. hole available on order. Lerco 
how about you? Electronics, Inc., 501 S. Varney St 

bic 3 ‘ : . , Burbank, Calif 

WRITE today Circle $83 on postcard at end of book 


i 
a KESTER SOLDER COMPANY TAP-OUT GANG CHANNEL 


Fundamentals 4209 Wrightwood Avenue + Chicago 39, Illinois Individual locknuts in Kaylock gang 


and Usage.” 
& Newark 5, New Jersey * Anaheim, Calif. + Brantford, Ontario, Canaaa channel are removable without special 
tools, eliminating replacement of entire 


Over 60 Years’ Experience in Solder and Fiux Manufacturing channel strip and nut assembly. Avail 


i 
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J PRECISION 


Wd te 


Wi 120) TT el 3 


HM MOTORS DELIVER 
EVERY TIME! 


Heinz Mueller makes motors 
for hundreds of applications 
—and they all bear the un- 
mistakable mark of Heinz 
Mueller’s excellent quality 
control, From original de- 
sign through the last phase 
of production, Heinz 
Mueller engineering skill 


and experience are devoted 
to supplying you with de- 
pendability you can count 
on. 

Write for detailed infor- 
mation on standard specifi- 
cations or let us tackle your 
particular engineering re- 
quirements. 


BC Moters Coo! running 





Cap) > 


yOu Join wires 


the fastest, lowest-cost way? 


where space requirements 
are rigid 


Capacitor Type Motors For 
24 to 220 Volts Can be 
supplied with terminal studs 
or leads, as specified. Ball 
bearing or sieeve bearing, 
commercial of military ap 
plications 


ee quiet operating motors in 
especially compact designs 


OC Dynamoter Especially designed 
for high altitude aircraft opera 
thon where service is critical 


AC/OC Series Motors Especially 
low-priced power units for ap- 
pliances, office machines, etc 
Has wide range of practical ap- 
plications 


WIRE CONNECTORS 


4727 W. towa, Chicago 51, iil. 


perfect for assembly-line wiring 
Circle 293 on Inquiry Card 


highest quality, but lower in cost than any other 
way—proved by a large manufacturer that 
cut costs 88% . . . and others 


easier, quicker to apply—lock on, 
won't shake off—good for your product's life 


high mechanical and dielectric strength 
connection—with special, generous length, all 
plastic shell that resists moisture and chemical 
action—best insulation you can get 


smooth, non-abrasive threads twist and grip 
wires firmly without damage to even the 
finest stranded wires 


fool-proof—scientific knurling provides fast, 
easy twist-on by hand or small power driver 


¢ 5 sizes, approved for 300V and 600V 
(1000V in fixtures) for all production needs 


make 
sure... 


TRY FREE SAMPLE 
ASSORTMENT NOW 


HIGH FREQUENCY INDUCTION 


Um 


* 3 VL Hardening * Annealing * Soldering 
Brazing * Zone Refining * Crystal Growing 


SG Sea 0 tt) Liem al: aed ae RA aS 
1 kw: 2') kw: 5 kw; 10 kw 
20 kw; 30 kw; 50 kw 
75 kw; 100 kw 


SPARK GAP CONVERTERS: 
2 kw; 4 kw; 7'2 kw 
15 kw; 30 kw 


"“ SPLIT-SECOND” 
CONNECTOR DRIVER 


Low-cost. Provides 
exact twist and right 
tension with stalling 
motor—can't rip 
wires off! Light, 
hand-squeeze con- 
trol—no clutch. 5 


sizes —ask for details ( 


eeeeeeeenee eenee 


IDEAL INDUSTRIES, Inc. 
«108-K Park Ave., Sycamore, Iii. 
Send free sample assortment of ‘‘All-Plastic’’ Connectors. 


WRITE FOR THE NEW LEPEL 
CATALOG 36 illustrated pages 7 
of valuable information ee 


eeeeeeeeeeeeeeeeeet 


# HIGH FREQUENCY fl |: 
LABORATORIES, INC. 


Company 


Lepe 


55th ST. & 37th AVE., WOODSIDE 77, N.Y. ° ‘pete hana | 


| 
2 


° City hinee inilantenessettDctinnn titan 
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BATAVIA, ILLINOIS 
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MAGNET ASSEMBLY 


af “ar 
Di teal r 


‘ 


THERMAL OVERLOAD 
RELAYS 


a 


CONTACT BLOCK 


;* 


CROSS ARM 
ASSEMBLY 


a¢ ¢ } 
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able in straight channel, Part No. CG 
19500; radius channel, Part No. RG- 
19500. Kaynar Mfg. Co., Inc., Kay- 
| lock Div., Box 2001 Terminal Annex, 
| Los Angeles 54. 

Circle 584 on postcard at end of book 


|MOLDED PRESSURE ROLLERS 


Neoprene pressure rollers, with OD 
concentric with center line to within 
0.003 in., are molded without grinding 


et 


c— 


Roller is cemented to any metal core, 
including powdered-metal bearings 
Available to 2-in. overall length in 
various diameters, or custom molded to 
specifications. Kitco Engineering & 
| Mfg. Co., Inc., 200 E. Spring St 
| Bluffton, Ind. 


Circle 585 on postcard at end of book 


| AETAINING SPRINGS FOR 
Race DOORS 


Using hinge as fastener, No. 50 door- 
retaining spring provides easy access to 
smal] doors. Installed internally, spring 


is completely invisible from outside. 
| When door is shut, spring keeps it shut; 
| when open, spring keeps door open 
| Weight, 0.014 lb. Installation requires 
| no special tools. Southco Div., South 
Chester Corp., Industrial Highway, 
Lester, Pa. 


Circle 586 on postcard at end of book 
(Continued on page 296) 
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Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base—Decorative Finishing 


Gam, % COMPLETE PROCESS 
' ENGINEERED LINE 


Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


<@ EXPERIENCED TECHNICAL 


SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They'll help 
you check every step in your finishing oper- 
ation to make sure you're getting the best 
possible finish on your products. 


<@@> PRODUCT AVAILABILITY 


Warehouses located in strategic industrial 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


<“@> ECONOMY 


The superior performance of Iridite provides 
low final cost by extending operating life and 


lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


_<@». RESEARCH AND DEVELOPMENT 
> racuimies 


If you have an unusual application, we will 
gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 
service. 


r------- 


im1DITs—-a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods — at room temperature — 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


ee 


if you ere using chromete conversion coatings to finish zinc, codmium, eluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of iridite. For 
complete infermetion, contect your Allied Field Engineer. He's listed under “Plating 
Supplies" in the yellow peges. Or, write for FREE TECHNICAL DATA FILE, 


Allied Research Products, INC. 4004-06 tat MONUMENT STREET © BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coos! Licensee for Process Chomicole: | N. Butcher Co. « Eurepeon Agent: Sture Grenberger, Storgeten 10, Steckheim, Sweden 
Cueiod ore | QTD?) CHNTD*| CIID?) ILD? 
Chromates Costings Bnghteness Supphes Foupmend 
Rectifiers, Equipment ond Supphes for Metal Finsheng 
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FOR PRECISION LABORATORY 
OR PRODUCTION TESTING 


FREED 
1110-AB INCREMENTAL 
INDUCTANCE BRIDGE 


AND ACCESSORIES 
Accurate inductance mecasurement 
without superimposed 0D.C., 
_ of iron core components. 


with or 
for oll types 


“@ INDUCTANCE — 1 Millihenry te 1000 Henry 
@ FREQUENCY — 20 to 10,000 Cycles 
“@ ACCURACY — 1% to 1000 Cycle, 2% to 10KC 


ACCESSORIES AVAILABLE: 
1140-A Null Detector 
1210-A Null Detector - V.T.V.M. 
1170 D.C. Supply and 1180 A.C, Supply. 


VARIABLE TEST VOLTAGE 
MEGOHMMETER NO. 1620 


The Freed Type 1620 Megohmmeter 
nsvlotion resistence measurement 
a continuously vorieble DC 


50 to 1000 t 


@ Resistance — 0.1 megohms to 4,000,000 
megohms. 

@ Voltoge — voricbie, 50 - 1000 volts. 

@ Accurote — plus or minus 5% on all ranges. 

@ Simple — for use by unskilled operctors. 

@ Sofe — high voltage relay controlied. 

@ Self contained — AC operated. 


OTHER MEGOHMMETERS AVAILABLE 
Type 1620C MEGOHMMETER o type 1620 


with additional circuitry for testing copocitors 
Type 10208 MEGOHMMETER — o 500 volt 
fixed test potentiol. Range 1 megohm to 2 
million megohms 

Type 2030 PORTABLE MEGOHMMETER 
bottery opercted 500 volt test potential. Ronge 
1 megohm to 10 million megohms 


Send for NEW 48 poge tronsformer catalog. 


Also ask for complete laboratory test instru- 
ment catalog. 


FREED TRANSFORMER CO., INC. 


1730 WEIRFIELD ST., BROOKLYN (RIDGEWOOD) 27, N.Y. 
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| PUSH-PULL SWITCH ON 
POTENTIOMETER SHAFT 


| Push-pull switch G-16 is available on 


Stack- 
pole variable resistors, operating from 
potentiometer = shaft 
Laboratories rating, 5 amp at 125 volts 


many single- and dual-section 


Underwriters’ 


a-c. SPST contacts isolated from solder 
flux entry and entire mechanism free 
from lubricants. Electronic 
nents Div., Stackpole Carbon Co., St. 
Marys, Pa. 

Circle 587 on postcard at end of book 


Com po- 


| MINIATURE TOGGLE 


SWITCHES 
Model CE-100. 


for 5 amp, 125 volts a-c. 
MIL-S-6743 requirements. Temperature 
500 to +-300 F. Operating 


(illustrated) is rated 


Switches meet 


range is 


force, 150 gm max; pretravel, 0.025 in 

Basi 2 gm, 

rated for 150,000 operations min. Crown 

Electric Products Co., P.O. Box 171, 
Orange, N.J 

Circle 588 on postcard at end of book 


PUSHBUTTON SWITCHES 


Pushbuttons, 


max. switch weighs 2.25 


stand- 
ard pilot lights and push-to-test pilot 
lights are NEMA 


selector swite hes, 


designed to meet 


Telephone Relay 


interchangeable with 
many other makes 


Stromberg-Carlson’s type “E™ relay 
combines the time- proven character 
istics of the type “A” relay with a 
mounting arrangement common to 
many other makes 

As the drawing above shows, uni 
versal frame mounting holes and 
coil terminal spacing allow you to 
specify these relays—of “telephone 
quality’ —interchangeable with the 
brands you have been using 
are competitive and expanded pro 
duction means prompt delivery 

Welcome engineering features of 
the telephone type “E” relay are 
Contact spring assembly 
Form A, 18 B, 10 C per relay 


Coil: single or double wound, with taper tab 
or solder type terminals at back of relay 


Operating voltage: 200 volts DC maximum 


You may order individual can 
covers in a choice of 3 sizes for the 
new relay, as well as for our type 
“A” and “C” relays 

Write to Telecommunication In 
dustrial Sales, 117 Carlson Road, 
Rochester 3, New York. Or in At 
lanta call TRinity 5-7467; Chicago 
STate 2-4235; Kansas City: HArri 
son 11-6618: Rochester: HUbbard 
2.2200; San Francisco: OXford 
77-3630 
STROMBERG -CARLSON 
A Division or 


GENERAL DYNAMICS 
‘EEE SS. nie ARERR RRR ORE. BE 


Costs 


maximum of 20 
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1/250 to 1/10 HP. Open, Fan-Cooled, Enclosed 


SHADED POLE MOTORS 


Also Gear Motors and $/P Blowers 


Proven Dependability at Lowest Cost 
Fast Delivery from Nearby Stocks 


When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/10 HP in open, 
fan-cooled, totally enclosed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.'s write for Bulletins 207, 304 and 705. 


Write for Net-Price Wholesale Motor Catalog. 


63 WAREHOUSES—COAST-TO-COAST 


W.W.CJRAINGER.INC. 


Dept. 151, 118 S. Oakley Bivd., Chicago 12 


ee Allen-Bradley uses arc quenching 


We'll be pleased to answer 


Imeulaje NE RRO cae 


a ee ee high voltage contactors 


use in specific applications 


There is no obligation. mney 4 
ROSITE’S unique arc-quenching feature helps insure max- 
l for FREE booklet: “Natu- imum interruption capacity with long contact life. Snuffing 


ONE of the best is assisted by a release of gas from the ROSITE chutes 
dielectrics kaowa! ral Mica For Industry.” whenever struck by an arc. This characteristic is provided 
by one of a family of ROSITE compositions especially 
designed for such uses. The gassing characteristic is 
permanently built into the material for use through 
Mica Industry Association, Inc. millions of operations 

This kind of superlative electrical performance can bring 
your product closer to the perfection you're aiming at. 
ROSITE fits best where severe service conditions such as 

} 


420 Lexington Ave., New York 17, N. Y. 


heat and arcing must be met, and also, where dimensional 
stability and excellent insulating characteristics are 
required 

Our engineers will be glad to discuss ROSITE’S possi- 
bilities with you. Contact Rostone Corporation, 2405 So. 
Concord Road, Lafayette, Indiana. SHerwood 2-8471. 


Circle 301 on Inquiry Cord 


FOLDING DOUBLE CUPPED WASHER LUGS— 


OLDS OVER HERE TO CLOSE 
With or Without 
Insulation Grip— 
Small or Soe 
Screw Hole or 
Standard, Extra 
EASY TO APPLY «+ NO TOOLS REQUIRED Flexible Strand- 
ingand Solid Wire 


SEND FOR THE ROSTONE STORY 
Complete brochure on cold and hot-molded 
ROSITE: applications, characteristics and 
facilities for production. Write today. 


ee 0 


nA KRUEGER & HUDEPOHL, INC 


, n le o Pore t 0, O 
Ee LL Pee eo 1 Canada: Electro Porcelain, Ltd., Waterloo, Ontario, 
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standards. Available in three lines: 

Type HO, panel or base mounted; Type 

eM Oe (}F sd ; H, NEMA 1, panel mounted; Type H, 
nr | NEMA 1, base mounted. Features in- 

clude interchangeability of many parts 


between the three lines; choice of seven 
colors for both buttons and identifying 


eV Ga a ea eae re | ferrules to permit double color-coding; 


silver wipe-action contacts permit re- 
liable contact in all atmospheres. Clark 


UNNECESSARY a oe Controller Co., 1146 E. 152 St., Cleve- 


land 10, Ohio. 
Circle $89 on postcard at end of book 


MERCURY SWITCH 


The HG 426 MI 2 amp mercury switch 
is shockproof, waterproof and operates 
on any axis. Switch has nominal diam 


FANSTEEL 
Reva 1 | of 0.500 in. and is 1% in long. Both 


switch and leads are potted in rigid 
P\ z= Cordos Corp . 250 Glenwood 


: Nk IT0 i a ae sreaail at end of book 


ROTARY SWITCH 


Available from stock in 8, 10 and 12 
positions, Model BM switch is enclosed 
Hundreds of manufacturers are in Size 10 synchro-mount housing 
now saving time and money by specifying Angular accuracy, 15-min of arc. Life 
Gold-Caps exclusively because they 
no longer need to inspect or test on their 
own to verify reliability. 
Each and every Fansteel Gold-Cap 
shipped conforms to the most complete and 
rigid specifications ever prescribed for 
any production component. Users get certified 
written proof that each has successfully 
passed a series of the most uncompromising 
tests ever devised for checking 
reliability in a tantalum capacitor. 
Only Fansteel dares take the 
responsibility of pre-testing for you 
—and certifying the results! 


Gold-Cap Tantalum Capacitors in some 

ratings now available from stock. Complete 

Gold-Cap Specifications available on request. } €xpectancy, In excess of 2 X 10 

Fanstee! Metallurgical Corporation, cycles. Withstands severe  environ- 

North Chicago, Illinois, U.S.A. mental conditions. Airflyte Electronics 
Co., 535 Avenue A, Bayonne, N. J. 


Circle $91 on postcard at end of book 
ONE-OUNCE ROTARY SWITCH 


High-speed Size-8 rotary switch se 

quences circuitry as a function of time 

| or shaft position. Built on analog-digital 

WHERE RELIABILITY DICTATES STANDARDS converter principle, the two-track switch 
eliminates precise cam-like mechanical 

/ arrangements typical in snap-action 
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switches. Accuracy of segmentation, 
+3 deg or better as needed; power 
capacity, 10 to 12 volts and 5 to 10 ma; 
torque at room temperature, 0.05 in. 
oz; life, 4.5 10° revolutions or 1.5 
‘ 10° hr; maximum speed, 700 rpm; 
operating temperature, —65 to +260 F; 
shock and vibration, per MIL-E-5272A. 
Kearfott Div., General Precision Inc., 
1150 McBride Ave., Little Falls, N. J. 
Circle $92 on postcard at end of book 


MAGNETIC REED SWITCH 


Model DRG-1 switch operates in any 
position, is hermetically sealed, can be 
NO or NC. Rated at 15 volt-amp max, 


resistive to 1 amp, to 250 volts, Contact 
reeds are gold plated. Unit size is 
0.200 in. OD, 3% in. long. Hamlin, 
Inc.. Lake and Grove St.. Lake Mills, 
Wis. 

Circle 593 on postcard at end of book 


MINIATURE PRESSURE 
SWITCHES 


Line of 
over range of 50 to 5000 psi 


precision switches operates 
Smallest 
operates on 250-500 psi 
65 to +160 


*15 psi from set point. 


weighs M4 O72... 
over temperature range of 
F. Accurate to 
Largest switch weighs 
at 50 psi up to 400 F. Other models 


withstand vibration to 2000 cps. Uses 


3 oz, operates 
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Newest addition to 


Fansteel’s expanding line 


of 1N Series 
Silicon Power Rectifiers 


Designed for rugged 
duty on the toughest 
applications 


Assembled and sealed in 
Fansteel’s surgically-clean 


“white room” for 
maximum reliability 


TOUGH... 
RUGGED... 
RELIABLE 


Full 160 amp. load in 
half-wave circuits, up to 
450 amps. in 3-phase 

bridge circuits 


Full 240 amp. load in 
half-wave circuits, up to 
675 amps. in 3-phase 
bridge circuits 


Operating temperatures 
up to 150°C Case temperature. 
Peak reverse voltages 
50 to 400 volts. 


Write for Complete Technical Data 


FANSTEEL METALLURGICAL CORPORATION 


North Chicago, Illinois + 


U.S.A. 


WHERE RELIABILITY DICTATES STANDAROS 


/ 
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See RR ee 


ee 


meters always tell the truth. The 
critical voltage range — the one you 
want to know the most about —is 
expanded scross the entire arc of a 
fully linear scale, thus eliminating 
unnecessary and unusable calibra- 
tions. 

Resolution of a typical 110 —120v 
AC meter is one-tenth volt; combine 
that resolution with +0.3% accuracy, 
and you have an instrument that 


most demanding application. And 
this meter doesn’t care what shape 
the waveform is in. Be it square, 
zig-zag, or what-have-you... this 
meter always reads direct rms. Noth- 
ing average here—not even the sens- 
ing device! 

wecxman Expanded Scale Meters 
come in a variety of shapes, sizes, 
and ranges ...including AC and DC 
voltmeters, frequency meters and 
linear scale ammeters. Each is avail- 
able in both commercial and military 
models...and delivery is superb: 30 
days on standard models, 60 days on 
specials. 


For the whole truth about your 

power supply, use sgrcxkman Ex- 

Scale Meters. For the whole 

truth about secxman Expanded Scale 
Meters ...send for Data File. 
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new Omega design bellows. B. F. Good 
rich Aviation Products, Akron, Ohio. 
Circle 594 on postcard at end of book 


ADJUSTABLE 
SELECTOR SWITCH 


Series SS 12-position rotary switch can 
be adjusted for program changes by 
inserting removable cam segments in 


one to twelve available locations. Fea 
tures include dial and position indica 
tor spring-loaded position control 
screw terminals. Contact rating, 10 
amp per circuit: maximum number of 
load circuits, 20 Industrial Timer 
Corp... 1407 MeCarter Highway, New 
ark 4, N. J 


Circle 595 on postcard at end of book 
ROTARY SWITCH 


l wo swit h models } pole and Le) pole 
are available. Each pole rated 12 amp 
125 volts a-c or 6 ump 250 volts a-« 


Circuits are single or double throw 


normally open or closed. Each switch 
cam adjustable to «ix positions in in 
crements of 60 deg. Rotation may be 
tutomat or " inual clockwise or 
ounterclock wise Columbus Flectris 
Miz. Co 000) | Main. Columbus 
Ohio 


Circle 596 on postcard at end of book 


SINGLE-KNOB SWITCH 


Type 2300 rotary multipole non-short 


ing switch can be rotated 360 deg in 


Continued on page 303 
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1001 


lead wires 
in stock 


all types, sizes, insulations, 
colors, temperature ranges 


by Belden 


Over fifty million feet of lead 
wire is in stock... 
available for immediate shipment 


Ask for Belden Lead Wire 
Catalog L59 


WIREMAKER FOR INDUSTRY 
SINCE 10m 
HICAGO 


magnet wire « power supply cords «+ 
cord sets + portable cordage + 
control cables + electronic wire 





New from 
Sarkes Tarzian 


HIGH VOLTAGE 


Silicon Cartridge 
Rectifiers 


Lates: in the growing line of Sarkes 
Tarzian semiconductor devices are 
High Voltage Silicon Cartridge Recti- 
fiers in two series. Each series includes 
18 different types with operating tem- 
peratures ranging from—55°C to 150°C 
ambient. The units feature low voltage 
drop and low reverse current. 


Ferrule Mounted Series 
(S-5490 thru S-5507) 


This high voltage series is equipped 
with a ferrule type mounting of silver 
plated brass and is available in both 
hermetically sealed glass or phenolic 
tubing. The units range in sizes from 
1136" to 646", have maximum recti- 
fied DC output currents varying from 
45 to 100 milliamperes, and peak in- 
verse voltage ranging from 1500 to 


16,000 volts. 


Axial Lead Series 
(S-5518 thru S-5535) 


This high voltage series is equipped 
with axial leads, with units ranging in 
size from 1%" to 21%" and lead lengths 
varying from 1” to 214". Peak inverse 
voltage starts at 1000 volts up to 10,000 
volts, with maximum RMS input volkt- 
age ranging from 420 to 7000 volts. 
Maximum average rectifying currents 
at 25 degrees C vary from 70 to 250 
MA, and at 100 degrees C, from 25 to 
100 MA. 


Both series are immediately avail- 
able in production quantities! For 
additional information on the new 
Sarkes Tarzian High Voltage Silicon 
Cartridge Rectifiers, write Section 
5652A. 

Sarkes Tarvian is a leading producer 
of semi-conductor devices in produc- 
tion quantities, including silicon power 
rectifiers, silicon tube replacement rec- 
tifiers, selenium rectifiers, modular 
silicon rectifiers and zener volt- 
age regulators. Application engi- 
neering service is available with- 
out cost or obligation. 


© Derate 1" 


For capacit 


SARKES TARZIAN, INC. 


World’s Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment e Air Trimmers ¢ FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
in Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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either direction or limited to any of 
eight positions. Rated for 15 amp at 
125 volts a-c, 5 amp at 240 volts a-c or 
125 volts d-c, the switch can withstand 
1200-volt dielectric surge. Switch, for 
panel or base mounting and furnished 
in one to 25 sections, meets MIL-S- 
21604. Minimum life, 40,000 cycles. 
Standard Electrical Products Co., 2240 
E. Third St.. Dayton, Ohio. 

Circle 597 on postcard at end of book 


INERTIA SWITCH 


Model 6U0-115 is pre-set to respond to 
acceleration forces from 1 to 25 g with 
in *&5 per cent of setting, resetting it 


self automatically when acceleration is 
removed. Designed with one moving 
part, the SPST NO «witch meets MII 
E-5272. Temperature range 65 to 
200 FF: response time, O.015 sec: 
electrical rating, 2 amp at 28 volt« d- 
Inertia Switch, Inc. 311 W. 43 St.. New 

York 36 
Circle $98 on postcard at end of book 


EXTENSION PLUNGER 
SLIDE SWITCHES 
DPDT Model SW-726X is used where 


conventional panel mounting is not 
ronvenient, such as in portable com 
munications equipment, test apparatus 


ind TV controls. Heavy-gage extension 


bar assures positive action. Rated at 
0.5 amp at 125 volts a-c or dec, switch 
is also available in SPST, SPD 
DPST with detent, and SPST, SPDT 
with spring return. Ratings available 
from 0.5 amp at 125 volts a-c or d-c up 
to 4.0 amp at 125 volts a-c. Continental 
Wirt Electronics Corp., 26 W. Queen 
Lane, Philadelphia 44. 

Circle 599 on postcard at end of book 


EXPLOSION-PROOF 
PROXIMITY SWITCH 


A proximity switch that is water, oil 


NOVEMBER 1960 


MULTIPLE 
INDICATORS 


in a compact ‘‘package’’— 


Ready to Install 


in a minimum of space! 


The DIALCO DATA MATRIX”® 


Manufacturing Service aids you 3 ways: 


(1) Supplies ultra-r-iniature Lamp Holders with 
read-out Lamp Cartridges...(2,)) Fabricates panels 
to order...(3) Assembles Lamp Holders on panels. 


For computers, data processing equipment, etc. 
Lamp Holders accommodate DIALCO’s 

own Lamp Cartridges. Shown 1/2 size: 

Data Matrix No. DM-7538-40 with 40 
Lamp Holders and Cartridges...Shown 
actual size: Incandescent Cartridge 

No. 39-6-1471 with short cylindrical 

lens; Neon Cartridge No. 38-1531 with 


long cylindrical lens. Many other features. 
Complete details in Brochure L-160B. 
> 


” 


“The Eyes of » 
Your Equipment” 


PILOT LIGHTS | Za DIALIGHT 


os) 


44 STEWART AVENUE, BROOKLYN 37,N.Y. + HYacinth 7-7600 
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NYLON BOBBINS 
Reduce Your Coit 
Production Cost 


A. Flange Size 
Moximum 
8. Core Size 
Maximum 


D. Wall Thickness 
Maximum 
Minimum 


SALES DIVISION OFFICES 
Arizona, California, Colorado, Connecticut, Illinois, Massechusetts, Michigan, 
Minnesota, Missouri, New Jersey, Ohio, Oregon, Uteh, Washington & Canad 


’ 
all a in omen 
es 
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BLANKET 
PROTECTION! 


New Thermoseal* insulation for 
ali A. O. Smith fractional 
and integral hp motors 


And you pay no more for this across-the- 
board protection a perfectly balanced 
combination of slot and phase insulation, 
magnet wire and insulation varnish. Ac- 
commodates greater temperature rise, re- 
sulting in extended life and dependable 
operation under the most severe operat 
ing conditions. Write today for full facts 
on Thermoseal 


ELECTRIC MOTORS 
Tipp City, Ohio 


Copyright 1960, A. O. Smith Corp 
Circle 310 on Inquiry Cord 


NATIONAITL 
RETAINING RINGS 


ARAL AY SS 


SSSssss 9 SSS 


—the old costly way —the new NATIONAL woy 


The NATIONAL LOCK WASHER COMPANY 
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and explosion proof is operated by mov- 
ing a tiny magnet near the switch. Her- 
metic sealing and encapsulation in 
high-temperature synthetic resin make 
life expectancy over one billion opera- 
tions. Switch is rated 115 volts a-c at 1 
amp. Maximum operation sensitivity, 
2 in.; minimum response time, one mil- 
lisec; rating, 115 volts a-c at 0.1 amp; 
mounting, standard ‘%-in. electrical 
condulet fitting. Mercury-wetted con- 
tacts for currents to 5 amp available 
Electro-Seal Corp., 946-A North Ave., 
Des Plaines, II 

Circle 600 on postcard at end of book 


METAL-SENSITIVE 
PROXIMITY SWITCH 


Model 4902, consisting of control unit 
and pickup mounted at point of work, 
senses both ferrous and non-ferrous 
metals without physical contact. Re- 


lay is activated whenever metals are 
detected within unit's adjustable sensi- 
tivity range. Maximum operating rate, 
600 operations, min; response time, 50 
millisec; input, 117 volts, 50/60 cps 
Electro Products Laboratories, Inc., 
4500 No. Ravenswood Ave., Chicago 
40 

Circle 601 on postcard at end of book 


Postcard return cards are provided at 
end of book as a convenience to the 
reader in obtaining further information 
oT 


* New Components end Moterials 

* Literature for the Design Engineer 
* Feature Article Reprints 

© Advertised Products 


ELECTRO-TECHNOLOGY 





Which Magnet Wire is Best. 


.for your Application 


Not affected by 
105 = Cond Aamorenee Petroleum Or Relays, Coils, Transformers 
y Naptha Thinners 
105 22-44 Nylon Polamide- oe Excellent Sol- | Used in applications where prior 
Resins Windability vent Resistance | stripping not practical 
— — Fine Wire Applications in Electronics 
windebitity Resistance & Communications. 
Good Adherance 
Polyviny! Good Moisture 
FORMVAR 17-56 Toughness 
Comparabie } Satisfactory 
Adequate 
Good Windability Military & Electronic Applications with 
SILICLAD 155+ i 26-56 | ee | Ample Flexibility | atte Critical Thermal Requirements 


FABRIC INSULATION: Celanese, nylon, silk, cotton, fiber giass, served over 


Magnet Motor Armatures, Coils 
bare wire or film insulations. AWG Range 14-44 _ m A 


LITZ WIRE: Availabie in all combinations of fabric and film-equivalent. AWG Range 12 and finer High Frequency Applications 


EEUDSON WIRE COMPANY 


CUSTOM 
ELECTRICAL PORCELAIN 


rods 


Environmental | Pa Your SPECIFIC NEEDS 
 o ham bers > | Dee itl ile) eda Se 


FOR CONTROLLED ATMOSPHERIC CONDITIONS 
Temperature + Altitude - Humidity 


Free! 


28-Page Brochure on 
Environmental Chambers 


A FEW APPLICATIONS 


Aging of Stee! 
Aluminum Storage 
Metal Hardening 
Nuclear Radiation Testing 
Research and Production 
Shrink-fitting of Parts 
Rivet Storage 
Stabilization of Steels 
Simulated Atmospheric Conditions 
Thermal Shock Tests 
Tool Stee! Treatment 


Temperature: 225° F. te + 1000° F. 

Any temperature desired in this range) 
Altitede: @ to 500,000 ft. 
Womidity: 20% to 3% 


It’s ene of the most helpful bro 
chures ever published for users of 
envirenmenta! chambers and low 


Ss Capecity: — Any size for any application | KNOX PORCELAIN CORPORATION 
WRITE FOR YOUR COPY TOBAY! f KNOXVILLE 1. TENNESSEE 


WEBBER MANUFACTURING CO., INC. | F™ > a aus 


P.O. Box 217K + Indienepolis 6, Ind. * Phone: MElrose 2.1378 


Coe eee eee eee eee ETHER ERE OES 
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PULLEY — 
‘DESIGNS. Laboratory and 
Engineering Equipment 


CONSTANT SPEED — Hi-Lo Auto- 
matic Pulleys employ an exclusive 
cam and cam follower assembly to 
maintain desired speed ratio over 
a wide range of load variation. They 
provide high shock absorbency 
against sudden changes and elimi- 
nate “drag” due to temporary over- 
load. Sizes: 34 to 5 hp. at 1750 rpm. 
Speed ratios: 1.75 up to 2.6 to 1. 
Request Bulletin A458. 


HIGH RATIO — Hi-Lo Hi-Ratio Pul- 
leys provide an extremely wide 
range of speeds for constant speed 
motors up to 1 hp. Double variable 
pitch feature automatically adjusts 
driver and driven belt speeds in ac- 
cordance with distance from motor. 
Sizes and speed ratios: fractional to 
l4-hp. model up to 6 to 1, fractional 
to 1-hp. model up to 71% to 1. Re- 
quest Bulletin B455-2. 


ECONOMY — Hi-Lo FHP Pulleys are 
low cost, high quality, compact units. 
They feature exclusive Hi-Lo cam 
design for positive speed control over 
a wide range of load variation. Avail- 
able in three sizes: 1, % and 1 hp. 
Speed ratios: 2 to 1 for ao 

14 and %-hp. models, ses 

21% to 1 for 1-hp. 

model. Request 

Bulletin C458. 


Give application de- 
toils for specific infor- 
mation. Ask for prices. 


Nationally Distributed By 
LOVEJOY FLEXIBLE | 
COUPLING COMPANY 
4952-H West Lake St 
Chicago 44, Ill. 


Circle 315 on Inquiry Cord 


VOLTAGE-CURRENT 
CALIBRATOR 


Calibrator has measurement sensitivity 
down to 1 millivolt, input signal band 
width over 100 mc. Samples and meas 


ures a-c, pulse or d-c signals up to 


10 volts. Portable: 
measures 5°4 in 


weighs 8% Ib; 
wide, 6°4 in. high 


and 10 in. deep. Power 
are 105 to 125 
Rese Engineering, In 731 
Philadelphia 6, Pa 


Circle 602 on postcard at end of book 


TEMPERATURE CHAMBER 


300 to +1000 F 
is used with a vibration exciter in com 


requirements 
volts, 50/60 eps, 15 
watts. 


Arch St., 


Test chamber for 


bined environmental testing. Equipped 
adjustable 
in height to accommodate various sizes 


with casters for portability; 


and types of vibration shakers. Con 


Zz 


trolled air circulation provides close 
tempevature uniformity throughout the 
chamber working area. Accuracies are 
held to: +3 F to 1000 F, and +1 F 
in low-temperature ranges. Missimers, 
Inc., 3737 San Fernando Rd., Glen 


dale 4, Calif. 
Circle 603 on postcard at end of book 


SHOCK TESTING MACHINE 
Machine drop-tests equipment 
150 Ib 
ioning 
vibration, freeing records of “hash” to 


up to 
Accelerometer teats with cush 
materials show no extraneous 


produce smooth acceleration-time trace 


Tester 
measures 14 x 16 x 68 in 


weighs approximately 100 Ib 
Avail 


operated 


high 


able in manual, electrically 
and portable models. Hardigg Indus 
South Hadley Falls, Mass. 


Circle 604 on postcard at end of book 


tries 


SHOCK-TEST MACHINE 
shox k 


production testing of small electronic 
components, produces up to 3000 g 
Machine handles specimen loads up to 
10 Ib and produces pulses required for 


Pneumatic-powered tester, for 


testing electronic components with im 
pact shock velocity up to 16 ft/sec.; 
Includes 3000-g, 0.2 millisec shock 
pulse required by MIL-S-19500B. De- 
parts from customary free-fall machine 
in that it employs pneumatic actuation 
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Hectronic Poducts MEWS 


Ly CARBORUNDUM 


Registered Trade Mark 


GLOBAR’ Silicon Carbide Varistors create 
unique percussive effects in electronic organ 


In the well known Thomas electronic 
organ, GLOBAR silicon carbide varis- 
tors perform a function as balanced 
modulators to produce instrumental 
percussive effects. 

Clearly seen in the photo above, 
GLOBAR varistors are non-linear, 
voltage-sensitive resistors with the 
advantages of extreme ruggedness, 
small size and excellent performance 
characteristics. They are widely 


employed for reducing arcing at 
relay contacts, suppression of RF 
interference, limiting voltage surges, 
back-voltage protection for diodes 
and transistors, and stabilization of 
rectifier circuits. 

For types, ratings and other 
catalog data, write Globar Plant, 
Refractories Div., Dept. EMV-30, 
The Carborundum Co., Niagara 
Falls, New York. 

Circle 316 on Inquiry Card 


Motorola protects radio tube filaments 
with GLOBAR’ Thermistors 
35W4 RECTIFIER 


50C5S 


4 


COLO 2752 
woT 48n 


Motorola, Inc., protects the tube fila- 
ments of its table and clock radios, 
except for the low cost leader mod- 
els, in a simple, inexpensive way. A 
GLOBAR silicon carbide thermistor 
is used in series with the tube fila- 
ment string. Its negative tempera- 
ture coefficient is utilized to limit 
the initial voltage surge during 
warm-up. Motorola expects tube life 


6 30644468-0 


AG 12BE6 
LT 


to be prolonged up to ten times. 

GLOBAR thermistors find many 
other applications where surge pro- 
tection, time-delay operation, or tem- 
perature sensing and control are 
required. There is a wide range of 
sizes and ratings. Write: Globar 
Plant, Refractories Div., Dept. 
EMT-30, The Carborundum Co., 
Niagara Falls, N. Y. 

Circle 317 on Inquiry Card 


For ceramic parts and metallized assemblies, Kovar alloy, ceramic resistors, varistors and thermistors ... count on CARBORUNDUM® 


MOVEMBER 1960 


Vacuum-Tight High Voltage 
Connector poses ceramic- 
to-metal sealing problem 


A 


The connector shown above is designed 
to meet severe space limitations which 
necessitate maximum voltage protec- 
tion with a minimum of ceramic insu- 
lation. 

The 1552 alumina insulator has a 
metallized coating for corona protec- 
tion. The housing is heavy stainless 
steel. 

Making the insulator to the required 
close dimensional tolerances, accurately 
centering the electrode in the housing, 
and then providing a vacuum-tight 
seal, were some of the problems Carbo- 
rundum had to solve. To add to the dif- 
ficulties, the center electrode had to be 
a special high conductivity material to 
provide sufficient current capacity. 

Ingenious methods had to be worked 
out to seal this high expansion material 
to the ceramic. The complete assembly 
is hydrostatically tested for vacuum 
tightness, and withstands an electrical 
test of 30,000 volts. For help on your 
sealing problems, write Latrobe Plant, 
Refractories Div., Dept. EMS-30, 
Carborundum Co., Latrobe, Pa. 


Circle 318 on Inquiry Cord 


LATEST INFORMATION ON 
KOVAR® ALLOY 


ate Kovar is the standard 
ee > matched-expansion 
ee alloy for critical glass- 

\ to-metal sealing prob- 
lems. A comprehen- 

sive bulletin gives 

technical data and 

information on avail- 

able forms, shapes and sizes. Write 
Latrobe Piant, Refractories Div., Dept. 
EMK-30, Carborundum Co., Latrobe, Pa. 


Circle 319 on inquiry Can 
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COMPACT, 3-OUNCE TIME DELAY RELAY | 


with silicone-controllied 


delay from tia to 120 seconds 


Worth a closer look... the Heinemann Type A Silic-O- 
Netic Relay. Despite its small overall size, the relay offers 
many big performance features. 


For example, double-pole, double-throw switching . . . at 
fast snap-action contact speed. 


The relay is a load carrier in itself: it may be energized 
continuously . . . does not require auxiliary lock-in circuits. 


And it has a hermetically sealed time element that is forever 
free from the effects of aging or fatigue. The Type A Relay 
has proven itself in countless applications; it will give you 
reliable service over a long, long operational life. 


BRIEF SPE 


Lita at Delays 


Overall Dimensions 


Contact Capacity 


and control of shock pulses produced. 
Avco Research and Advanced Develop- 
ment, 201 Lowell St., Wilmington, 
Mass. 

Circle 605 on postcard at end of book 


SWEEP GENERATORS 


Four models, designated LD series, 
cover ranges of 35 to 17 me, 9 to 
40 mc, 15 to 90 me, and 46 to 140 m« 


Ps 


for testing and aligning i-{ amplifiers 
and i-f stages. Flatness is 5 per cent 
over maximum sweep width; linearity 
is better than 1.2:1. Dual-triode, push- 
pull oscillator produces attenuable out- 
put signal. Power requirements are 
115 volts 50/60 cps; power consump- 
tion is 120 watts. Telonic Industries, 
Inc., Beech Grove, Ind. 

Circle 606 on postcard at end of book 


SHAKE-TESTER 
SPECTRUM EQUALIZER 


AE 80/25 automatic spectrum equalizer 
will equalize random-motion vibration- 


HEINEMANN 


ELECTRIC COMPANY 
101 Plum $¢., Trenton 2, N. J. 


Circle 320 on Inquiry Card ELECTRO-TECHNOLOGY 





Component Specification: ARNOLD 


Aluminum and Plastic Cased 


Types C,EandoO 


The ARNOLD LINE-UP includes ANY TAPE CORES you need 


APPLICATIONS 


We'll welcome your inquiries on your Tape 
Wound Core requirements for Pulse and 
Power Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Transformers, 
Wide-Band Transformers, Non-Linear Retard 
Coils, Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Elements, 
Harmonic Generators, etc. 


ENGINEERING DATA 


For data on the various types of Arnold Tape 
Cores, write for these Bulletins: 


SC-107A—Silectron Cores, Types C, E 
ond O 


TC- 101 A_1oreidal Cores, of Supermolloy, 
Deltomax and 4-79 Mo-Per- 
molloy 


TC-108ABobbin Cores 
TC-113A—Supermendur Tape Cores 


ADDRESS DEPT. EM-11 


NOVEMBER 1960 


Arnold produces Silectron C, E and O cores, aluminum and plastic cased 
toroidal cores of high-permeability materials, and bobbin-wound cores to 
meet whatever your designs may require in tape thickness, material, core 
size or weight. 

Asa fully integrated producer, Arnold controls every manufacturing step 
from the raw material to the finished core . . . and modern testing equip- 
ment permits 100% inspection of cores before shipment. 

Wide selections of cores are carried in stock as standard items for quick 
delivery; both for engineering prototypes to reduce the need for special 
designs, and for production-quantity shipments to meet your immedi- 
ate requirements. 
© Let us help you solve your tape core problems. Check Arnold, too, for your 
needs in Mo-Permalloy or iron powder cores, and for cast or sintered per- 
manent magnets made from Alnico or other materials. Just write or call 
The Arnold Engineering Company, Main Offices, Marengo, Illinois. 


ARNOLD ~ 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 


Circle 321 on Inquiry Card 





CAN DELIVER 


Molded 
Inserts 


Combining Plastics & Metals 
with Efficient Performance 
Properties 


For Electrical and 
Mechanical 
Applications . . . 


Courtesy of Curtis 
Development & 
Manufacturing Co 


Inserts securely and accurately located 
for dependable ready-to-assemble 
components 


SEND YOUR PRINTS 
FOR QUOTATION 


AND MANUFACTURING COMPANY 


PLASTICS 


CUSTOM-ENGINEERED 


123 ROTARY DRIVE 
GURNEE, ILLINOIS 


310 Circle 322 on Inquiry Cord 


shaker systems within seconds. Con- 
tinuous automatic equalization achieved 
by using solid-state magnetostrictive 
filters with correct phase properties 
plus servo regulators on each of 80 
channels in the 15- to 2000-cps spec- 
trum. Any desired power spectral den 
sity curve, from flat response to shaped 
response, can be set on control panel 
and will be produced automatically. 
MB Electronics, 781 Whalley Ave., 
New Haven, Conn 

Circle 607 on postcard at end of book 


PRECISION CENTRIFUGE 


Type 051 rotary centrifuge provides a 
12-in. testing radius with rotational ac- 
curacies to 0.25 per cent of set speed. 
Rated at 100 g nominal test force, unit 


will accommodate up to 4% in. cubes 
for testing on all three axes. Finished 
in gray hammertone enamel. Operates 
on 115 volts a-c. Gyrex Corp., 3003 
Pennsylvania Ave., Santa Monica, Calif 

Circle 608 on posicard at end of book 


FORCED-CONNECTION OVEN 


Model VU-5-33 oven provides auto 
matic control at three temperatures to 
500 F max. Construction details: 3-in 


insulation, 1l6-gage steel exterior, 24 


Can 


gage stainless steel interior, side-swing 
door with refrigerator latch. Size 20 x 
16 x 18 in.; air blower rating, '4 hp 
Despatch Oven Co., 619 S. E. Eighth 
St.. Minneapolis 1. 

Circle 609 on postcard at end of book 


VARIABLE FILTER 


Model 201 passive-network sub-audio 


where 
contamination 
must be 
avoided 


SPECIFY 
SPEER 
ULTRA PURE 
GRAPHITE 


You can eliminate undesirable contam- 
ination of many metals and crystals 
by using crucibles, boats and jigs made 
of SPEER Ultra Pure Graphite. Parts 
for electronic tubes and mercury-arc 
rectifiers may also be improved by the 
higher degree of purity now offered in 
this material. 


A typical sample of SPEER Ultra Pure 
Graphite would contain— 


| 
| 
| 


and—especially important in certain 
usages such as vacuum tubes — would 
show gas content of .2 to .5 em’/gm. 
This is less gas than is contained in 
corresponding unpurified grades 
What is your application? SPEER 
molded and extruded Ultra Pure 
Graphite is available in many grades 
and in sizes ranging to more than 16" 
diameter. We are also prepared to 
machine parts and equipment expertly 
to your own close tolerances. Our 
engineers will be glad to discuss your 
specific probiems with you. 


CARBON PRODUCTS DIVISION 
ST. MARYS, PENNSYLVANIA 


Circle 323 on Inquiry Card 





AGASTAT 


for every time/delay/relay application 


Here's what you get with every Agastat time /delay/relay 
Easy adjustment 
Repeatable accuracy 
Instantaneous recycling 
Unaffected by voltage variations 
Low power consumption 


GET THE WHOLE STORY write today for Bulletin No. SR-10 and find 
ovt how Agestat can help yo 
to Dept. A35-1121 


AGASTAT TIMING INSTRUMENTS 
ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 


vu to solve your time delay problems. Write 


Circle 324 on Inquiry Card 


different 
motorized 
Saat meet n a a 


available from stock 


Yes! 956 different combinations of Perfection Motorized 
Worm Gear Speed Reducers are available for immediate 
delivery, from stock. Ratios range from 5 to 1 to 60 to 1, 
i ities from 1% H.P. to 5 H.P. 

e Reducers 


, to be used 
mw own choice. 
of 
our new 
No. M-140. 
Licensed under Pat. 2,868,031 


AMERICAN STOCK GEAR Division 


PERFECTION GEAR COMPANY HARVEY, ILLINOIS 


NOVEMBER 1960 Circle 325 on Inquiry Card 


MINIATURE 


SOLENOIDS 


Series ME 
(Miniature Enclosed) 


Powerful—small in 

size 

Five standard types from 

4" te 1” diameter 

High temperature insulation 
Pull and push types 
available 


Made to meet and 
exceed MIL speci- 
fications 


eS 


@ Various mounting 
arrangements 


Designed for DC application only, these units 
are available with ratings up to 125 volts, 
unique construction meets exacting specifications, 
provides long life. 


Write for complete information. 


SOLENOIDS + CONS + ELECTRICAL COMPONENTS 


anderson controls, inc. 
General Offices 


bath Md ee) ee a) te ee 
Phone: Gladstone 1-1210 


Circle 326 on Inquiry Card 





you'll have 
SPACE to SPARE 


on your panel 


EM Ma iAP Mio ivi Sepa "Ta 


. when you mount the newly designed Hevi-Duty 
Type SZO Control Circuit Transformer. Savings in 
panel space range up to 20 percent over units of 
equivalent rating. Better yet, you'll have extra inrush 
capacity (up to 150% more) due to Hevi-Duty’s 
interleaved windings and other new improved pro- 
portions of design. New Type SZO transformers 
range from .050 to 5 KVA. 


Write for Bulletin 300 for further details 


_HEVI-DUTY 


A DIVISION OF EC" — J BASIC PRODUCTS CORPORATION 
HEVI-DUTY ELECTRIC COMPANY, WATERTOWN, WISCONSIN 


ledestrial Ferssces and Ovens, Electric and Feel «+ Leberstery fermeces + Ory Type Treestormers + Constant Correst Regeieter 
Circle 327 on Inquiry Cord 


NEW EPL 
TIME DELAY 


gay irik a 
Tay 


PLUG-IN 
MODULES 


a 


Choice of 
2 Time Delay Modules 


4906-JIC Control Amplifier with 4913-BL Sensing Head 


Actuated by NON-MAGNETIC and MAGNETIC 
metals to solve varied control problems 
Built-in time delays eliminate costly 

timing relays... give maximum 

flexibility at minimum cost. 


Delayed relay closure (make) 
DWELL TIME 


Deloyed relay opening (break) 
DWELL TIME 


TOTAL TIME RELAY 
IS ENERGIZED 


TOTAL TIME RELAY 
IS ENERGIZED 


Write for New Detailed Bulletin EDPS-80! 


Exectro Propucts Lasonatonies, ‘50'- Ravenswood, Chicago 40 
Canada: Atlas Instrument, Lid., Toronto 
Proximity Switches - Magnetic Pickups - Tochometers - DC Power Supplies 


Circle 328 on Inquiry Cord 








variable filter covers from 1 to 256 cps, 
has low insertion loss and constant at- 
tenuation rate. Multiplier dial is tun- 
able over a range of 1 octave; range 
switch changes the cutoff in octave 
steps. Input and output impedances, 
600 ohms; max voltage, 1 volt; loss, 
2 db, approx. At 1% volt, distortion is 
0.1 per cent. Allison Laboratories, Inc., 
11301 E. Ocean Ave., La Habra, Calif. 

Circle 610 on postcard at end of book 


OUTPUT-INDICATING 
POWER SUPPLY 


Model 408A high-voltage power sup- 
ply indicates output voltage directly 
within 0.25 per cent. Range, 500-6010 
volts; resolution over entire output 
range, 10 mv; current rating, 0-20 ma 
max; line or load regulation, 0.01 per 


cent; output ripple, 5 mv rms; sta 
bility, 0.03 per cent per day. Pro 
vides 1.02-volt sample for potentiomet- 
ric monitoring, uses printed circuits, 
epoxy encapsulated transformer, sili 
con rectifiers. John Fluke Mfg. Co 
Inc., P. O. Box 7161, Seattle 33, Wash 

Circle 611 on postcard at end of book 


SOLID STATE D-C 
POWER SUPPLY 


Standard line of precision-regulated 
static power supplies with convection 
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G NEW RCA INTERMEDIATE 


at TRANSISTORS | 


Now—in production quantities—six ew RCA PNP ger- 
manium alloy junction transistors designed primarily 
for intermediate-power switching and audio-frequency 
industrial and military applications. Featuring 100°C 
maximum junction temperature and a unique case de- 
sign, these new types can be used with or without the 
heat-sink mounting flange. With mounting flange in 
place, these types can dissipate 7.5 watts at 25°C case | miss 
temperature; without flange, one watt at 25°C. 

These new RCA intermediate-power transistors pro- 
vide a choice of voltage ratings and beta ranges for 
design flexibility. They feature low saturation resist- 
ance and low leakage current. 

They are particularly useful in power switching cir- 
cuits such as dce-to-de converters, inverters, choppers, 
solenoid drivers, and relay controls; oscillator, regula- 
tor, and pulse-amplifier circuits, and as class A and 
class B push-pull amplifiers for servo and other audio- 
frequency applications. 

RCA intermediate-power germanium transistors 
were developed in cooperation with the U. S. Army 
Signal Corps on an Industrial Preparedness Measure 
for military devices. 

Call your nearest RCA field office today for full par- 
ticulars. For further technical information write RCA 
Commercial Engineering Sec. K-54-NN, Somerville, A”OTHER Wav RCA SERVES VOU THROUGH ELECTRONICS 
N. J. 
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RCA SEMICONDUCTOR & MATERIALS DIVISION FIELD OFFICES... EAST: 744 Broad Street, Newark, N. J., HUmboldt 5-3900 - NORTHEAST: 
64 “A” Street, Needham Heights 94, Mass., Hillcrest 4-7200 - EAST CENTRAL: 714 New Center Building, Detroit 2, Mich., TRinity 5-5600 
CENTRAL: Suite 1154, Merchandise Mart Plaza, Chicago, Ill., WHitehall 4-2900 - P.0. Box 8406, St. Louis Park Branch, Minneapolis, Minn., 
FEderal 9-1249 - WEST: 6355 E. Washington Boulevard, Los Angeles, Calif., RAymond 3-8361 + 1838 E] Camino Real, Burlingame, Calif., 
OXford 7-1620 «SOUTHWEST: 7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 » GOVERNMENT: 224 N. Wilkinson Street, Dayton, 
Ohio, BAldwin 6-2366 - 1725 “K" Street, N.W., Washington, D. C., FEderal 7-8500. 


Available 
through your 
RCA Distributor 


The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 


® 





Increase 
Production 
Efficiency 
with Precision Made 
Wisconsin 


Ceramic 
Parts 


Serving the Electrical and Electronic 
Industries since 1919 
WISCONSIN 
PORCELAIN CO. 


TS Market St., Sun Prairie, Wis 


The uniformity and toughness of Wisconsin 
ceramic parts give you o closer fit, speeds 
assembling ond reduces production costs. 


Wisconsin Porcelain Co.'s line includes: 

PORCELAIN — Pieces ore of consistent high quolity 
—furnished with very white finish, or glozed 
in verious colors 

STEATITE— Meets your needs where low loss, ability 
to withstand electrical shock or low water 
oebsorption are requirements 

REFRACTORY —Especially suited to applications 
where grec! temperature variation is o foctor 

PIULTER— Designed to accurately filter and control 
flow of liquids 

TELL US YOUR REQUIREMENTS — our coromic engineers 


will work with you in selecting of designing the port bes! 
suited to your opplicction 


Circle 330 on inquiry Cord 


YOU CHOOSE THE ONLY COMPLETE LINE 


THAT COVERS THE C 


RANGE 


From #8AWG to 1,000MCM — 
AND THE LOWEST INSTALLED COST! 


*C-TAPS—the newest addition to the COLOR-KEYED Line. 
Designed for Code Copper Conductors. 


Pla THE NEW TBMS HAND TOOL 
The only hand tool that will terminate, splice, tap 
ond pigtail wire sizes from #8AWG to SOOMCM. 


WRITE FOR COMPLETE LITERATURE 


SOLO COAST TO COAST EXCLUSIVELY BY YOUR LOCAL TSS OISTRIBUTOR 


THE THOMAS & BETTS CO. 


ENGINEERED 


ELIZABETH. N. 3. — IN CANADA. THOMAS & BETTS. LTO. MONTREAL 


Circle 331 on Inquiry Card 





cooling is self-protecting and self-re- 
setting. Available with output voltages 
ranging from 1.5 to 100 volts in thirty 
standard designs. For 115-volt, single- 
phase, 60-cps input with various volt- 
age and ampere outputs. Units are 
available for 50 and 400-cps input. 
Three-phase inputs also accommodated. 
All fixed-voltage units are variable from 
0 to 100 per cent of output using no 
variable auto-transformer. General 
Electric Co., Schenectady 5, N. Y. 
Circle 612 on postcard at end of book 


GENERAL-PURPOSE 
POWER SUPPLY 


Solid-state Model P60-1 power supply 
provides continuously variable outputs 
in 0 to 6 volts d-c, 0 to 30 volts 
d-c and 0 to 60 volts d- ranges Maxi- 
mum output current, | amp; maximum 


output ripple is 50 mv rms on the six- 
volt range, 200 mv on 30-volt range, 
or 300 mv on 60-volt range. Output 
resistance, 3-6 ohms, depending on 
range; input power, 115 volts a-c. 
Measuring 74 x 4% x 11'% in., units 
are designed for bench-top use. Con 
solidated Avionics Corp., 800 Shames 
Drive, Westbury, N.Y 

Circle 613 on postcard at end of book 


SOLID-STATE 
OSCILLOSCOPES 


Portable oscilloscopes, weighing as 
little as 2 Ib, will operate on internal 
rechargeable batteries, a-c power line, 
or low voltage d-c, providing a preci 
sion, 1, 2, or 3-in. display. Model 150 
features seven calibrated steps to 1 volt 
per div on vertical amplifier, five cali 
brated steps to 1 psec per div on 
sweep. Size is 2%4 in. wide x 34% in 
high x 5% in. long. Electro Instru 
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OIL-TIGHT DUST-TIGHT 


NEW 


AMC. 
Terminal 


Complete with Terminal 
Blocks (or brackets only) 


Designed for faster, 
easier wiring “ample room tor 


nder term nals 


Famous trade-approved Hoffman JIC box is now avail 
able with new time-saving mounting brackets for terminal 
blocks that leave plenty of space for wires and make 
wiring easy wherever conduit connections are located 

Equipped with medium duty, sectionalized terminal 
blocks; or with brackets only —you mount your own ter- 
minals. Blocks mount on steel straps. Additional straps 
may be added at a later date if more circuits are needed 

Boxes are completely oil and dust tight with JIC screw 
clamps to close gasketed covers. Standard box sizes range 
from 8°x6"x3 '," to 16°x14°x6" offering 16 to 64 terminals 
Similar terminal system also available in large NEMA-12 
enclosures 


Hoffman ENGINEERING CORPORATION 
Dept. EM 161, Anoka, Minnesota 


Circle 332 on Inquiry Card 


. Electrical Coil Windings 


. . WIRE SIZES #6 to #56 


For 43 years... - specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


COTO-COIL CO., INC. 


SINCE 1917 
63 Pavilion Avenue Providence 5, Rhode Isiand 


Circle 333 on Inquiry Cord 


BIWAX—EPOXY FORMULATIONS 


@ Single component systems. 
@ Thixotropic formulations. 
© Packaging service minimizes waste—can be keyed to 
your production schedules. 
®@ Encapsulating service facilities. 
@ Technical consultation available. 


Send for GENERAL SPECIFICATIONS CHART 
Stock available for immediate delivery 


3442 Howard Street @ Skokie, Illinois 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 


WOVEMBER 1960 Circle 334 on Inquiry Cord 


“Now! End Cord and- 
Cable ronihe here 


STRAIN 
RELIEFS 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 

GRIPMASTER Strain Reliefs 

anchor cords and cables at point of 

entry and positively prevent loosening 

of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 


power! Underwriters accepted. 


GRIPMASTER ALL-METAL TYPE 


Slight pressure permanently positions 
this one-piece type. The strain relief ~ 
forms a smooth metol band which is 
firmly locked in a tenacious grip obout 
the cable. 


GRIPMASTER CLICKON TYPE 


Clicks on in seconds, locks securely in 
position. The Clickon forms an immovable 
ring with uniform pressure cround the 
cable circumference. 


GRIPMASTER INSULATED TYPE 


Especially odapted to ossembly line 
operations. Forms a necot, compact ring, 


holding the cable in a vise-like grip. 
ed rubber tubes available 


4,0! sense 


CALL OR WRITE TODAY, FOR NEW - 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS | 


GRIPMASTER WIRE 
BINDING SLEEVES — 
Prevent the fraying of 
cord ends. Specially treat: 


Circle 335 on Inquiry Cord 





TORQ 


SPEED 
DETECTION 
CONTROL 


..may solve 
YOUR problem 


et ad 
UV POSITIVELY 
ae oie) fe) | i ley Ta 4 


@ A single TORQ 
SYNPRO-TEX governor 
cycles an automatic 
washer during spin-dry to 
less than 1G to more than 
1G to balance the load, 
get clothes drier and 
make the wash “fluffy”. 
®@ A TORQ MULTI- 
TECTOR practically runs 
a diesel engine. It cuts 
out cranking motors, en- 
gages and disengages 
cooling circuit, provides 
fuel requirements at dif- 
ferent speeds, then sig- 
nals full speed. 
@ TORQ governors re- 
late fuel supply to air 
supply in power gas 
burners. A single gover- 
nor will purge the com- 
bustion chamber, then 
turn on the gas, and dur- 
ing operation if blower 
falls below required 
speed for any reason, the 
governor shuts off the gas. 
@ In event of overload 
on a saw mill, due to dull 
blades, a TORQ governor 
causes the cutting blade 
to be withdrawn before 
damage can occur. 
@ On electronic equip- 
ment blowers, a TORQ 
governor will cut the 
equipment out of the cir- 
cuit in event of blower 
failure, to protect expen- 
sive electronic compo- 
nents against overheating. 
@ Conveyors are auto- 
matically shut off if they 
fall below predetermined 
safe . 
@® TORQ governors 
make an ideal plugging 
switch to cut out the 
motor at low speeds close 
to zero before motor re- 
verses. 
@ On truck refrigerators, 
TORQ governors main- 
tain proper voltage and 
frequency output from 
the alternator by shifting 
it through a solenoid ac- 
tuated transmission at 
pre-calculated truck en- 
gine speeds 
If your device employs 
a rotating shaft, a TORQ 
governor can sequence it, 
control it, provide signals, 
or monitor it for safety at 
one or many speeds from 
zero to more than 15,000 
rpm 
Write today for Bulletin 
No. 250 


Patents & Patents Pending 


TORG ENGINEERED PRODUCTS, INC. 
34 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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ments, Inc., EI Labs Div., 1165 Morena 
Blvd., San Diego 10, Calif. 
Circle 614 on postcard at end of book 


X-Y DIGITAL RECORDER 


Model 560-RX-Y recorder converts two- 
variable digital data into correspond- 
ing increments on plotting paper. Ac- 
curacy within 0.01 in., size of the 
basic plotting increment. Unit accepts 


‘ 


data from all digital computers, can 
be driven by punched paper tape or 
punched card data processors. Z-axis 
modulation possible by raising and 
lowering recording pen with solenoid. 
Speed, to 200 X or Y increments 
per sec, to 10 Z-axis operations per 
sec. Input pulse requirements, over 10 
volts with rise times of 10 sec or less 
from source below 500 
ohms. Pulse requirements can be modi- 
fied. The 12 x 18 x 14 in. deep unit 
weighs 40 lb. Power requirements, 100 
to 130 volts a-c. California Computer 
Products, Inc., 8714 Cleta St., Downey, 


Calif. 


impedances 


Circle 615 on postcard at end of book 


OSCILLOGRAPH 


Direct-writing oscillograph offers up 
to eight channels of curvilinear or 
rectilinear recording. Galvanometers 
provide ranges of coil resistance up 


to 3000 ohms, with various sensitiv- 


ities. Gear drive provides chart speeds 
of 1, 2, 5, 10, 25, 50 and 100 mm/sec. 
maintained by 
synchronous motor. Adjustable chart 
tension also featured. Photron Instru 
ment Co., 6516 Detroit Ave., Cleveland 
2, Ohio. 


Chart-speed accuracy 


Circle 616 on postcard at end of book 
TAPE RECORDER 


Designated II recorder/reproducer, 
unit provides a frequency response 
from 50 to 200,000 cps at a tape speed 


improve 
Dielectric Strength 
with 
WEST VIRGINIA 


PRESSBOARD INSULATION 


Three grades, each combining low 
cost with the higher dielectric 
strength a design engineer wants in 
insulation. 

Made of 100% virgin kraft pulp 
from our own pulp mill. This assures 
uniform quality, no metallic particles. 


PRESSITE: An absorbent, unsized 
board for air, oil, and askarel trans- 
formers and for capacitors. Natu- 
ral kraft color. .031” to .250”. 


ELECTRITE: A hard board with 
high tensile strength. All punch- 
ings are clean and smooth. Sized 
with natural rosin to resist mois- 
ture. Available in brown or black. 
.031” to .187”. 


DENSITE: An extremely hard 
board with great tensile strength. 
Sized for moisture resistance or 
unsized for applications in oil. 
Natural kraft color. .031” to .125”’. 


Ask for Underwriters Laboratories report 
§E3987. Write Board Products Sales, Weat 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Vy Pulp and Paper 
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Truarc Pliers speed assembly of tiny 
retaining rings on production line at 
Viewlex, inc. Rings are installed on 
shafts .188” diameter. 


Truarc rings eliminate rejects, cut assembly time 40% 


Production engineers at Viewlex, Inc., Long Island City, N.Y, 
save time, speed work with Waldes Truarc retaining rings. 

On Viewlex Instruct-O-Matic automatic slide projector, the 
top plate assembly utilizes five Truarc Series 5100-18 exter- 
nal rings to secure the lost motion plate to the base. 

Operator above uses Truarc Standard Plier No. 0018 for in- 
stallation and removal of rings in accurately located grooves, 
pre-cut before the assembly is made. Precision engineered plier 
tips grasp tiny rings securely to speed assembly and disas- 
sembly. Pliers are pre-set to avoid over-spreading the rings. 

The original design of the unit called for shoulder rivets. 
In addition to requiring a longer stud, the rivets were diffi- 
cult to control for height consistency. As a result, when the 
rivets were flattened, binding or looseness between the plates 
often caused expensive rejects. For maintenance of the unit, 
it was necessary to scrap the entire assembly. 

Use of Truarc rings assures precise seating of the plates 
and eliminates rejects caused by faulty riveting. Result: an 
assembly time saving of 40% at Viewlex. Use of Truarc rings 
may achieve similar or greater savings —in labor, machining 
or parts—on your production lines. These versatile fasteners 


TRUARC RETAINING RINGS 


@ 1008 WAL DES KOMINOOR, INC. 
NOVEMBER 1960 


Circle 338 on Inquiry Card 


come in 50 functionally different types, as many as 97 sizes 
within a type, 6 metals, 13 finishes. 

They replace nuts and bolts, machined shoulders, threaded 
collars and set screws, bowed washers or springs and cotter 
pins, and other fasteners and fastening operations. (A wide 
line of semi-automatic and manual Truarc tools are available 
to speed ring assembly). For facts on the entire line of rings, 
tools and application ideas, write for the new Waldes Truarc 
catalogs: RR 10-58 and AT 10-58. Waldes Kohinoor, Inc., 
47-16 Austel Place, Long Island City 1, N.Y. 9.16 


WALDES 


yy TRUARG 
RETAINING RINGS 


Waides Kohinoor, inc., Long isiand City 1, N. Y. 


.THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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MYREL Fe 


AYRE L FB 


DEPOSITED CARBON 
RESISTORS 


Send for Bulletin: 7010-8 


BLUE JACKET 


VITREOUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


Send for Bulletins: 
7410-A (Axiol Lead), 7400-A (Tab Type) 


o—7 KOOLOHM 


CERAMIC INSULATED-SHELL, 
POWER WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7300-A 


a PERMASEAL 


CAST EPOXY HOUSING, 
PRECISION WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7500 


é& 


% 


fKOOLOHM| 


~*~ 


UE crt 


FILMISTOR 


PRECISION CARBON FILM RESISTORS. 


Send for Bulletins: 
7000 (Molded shell), 7010-8 (Ceramic shell) 


¢ MEG-0- MAX 


GLASS JACKET HIGH VOLTAGE, 
HIGH POWER RESISTORS. 


Send for Engineering Bulletin: 7200-A 


¢ SPIRAMEG 


HIGH-RESISTANCE SPIRAL ELEMENT 
RESISTORS. 


7 Send for Engineering Bulletin: 7100 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 


SPRAGUE COMPONENTS: RESISTORS © CAPACITORS @ MAGNETIC COMPONENTS @ TRANSISTORS | 
INTERFERENCE FILTERS @ PULSE NETWORKS © HIGH TEMPERATURE MAGNET WIRE © PRINTED CIRCUITS | 
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of 60 in. per se for direct recording ; 
for FM recording, is 0-20, 
000 cps. Solid-state components achieve 
reduction in size and Head 
spacing and track width conform to 
IRIG standards, in 2. 4, 7, and 14 
track configurations. Precision Instru 
ment Co. 1011 Commercial St., San 
Carlos, Calif 

Circle 617 on postcard at end of book 


SEMICONDUCTOR 
CHARACTERISTIC CURVES 


Series of transistor and semiconductor 


response 


weight. 


vacuum-tube characteristic curves for 


detailed circuit analysis are offered in 


pad form. Circuit designs can be 
sketched on individual sheets for com 
parison and permanent records. Load 
drawn on 
n. Tronic 


, Los Angeles 


lines, notations can be 


curves. Pad size, 44 in. x 7 i 
Pad, 5959 S. Hoo 


4. 


ver Mt 


Circle 618 on postcard at end of book 
MICRO-MANIPULATOR 


Right-hand Model 100 and 
Model 200 micre 


ful in semiconductor and related work 


left-hand 


, manipulators are use 


: 


for precise positioning and probing of 


miniature assemblies. Accessories in 


clude tungsten probes and phenolic 


insulating jaws. Micromanipulator Co., 
Phoenix, Ariz 
Circle 619 on postcard at end of book 


arde are provided at 
mvenience to the 
further information 


New Components and Materials 

* Literature for the Design Engineer 
Feature Article Reprints 

* Advertised Products 
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Accuracy 


CONOVER-MAST PURCHASING DIRECTORY, with 
its constant check of telephone numbers, is brought con- 
tinually up to date. If a manufacturer moves or goes 
out of business the telephone companies are the first to 
know. (CMPD is the only major industrial directory 
that includes telephone numbers.) 


Completeness 

In CMPD secondary product headings are cross indexed 
to the one complete heading. There are no misleading, 
incomplete minor headings. 

Convenience 

CMPD lists all industrial products, but only industrial 
products. It is complete in one volume to conveniently 
serve the industrial buyer. 

Size ratings 

In CMPD (and only CMPD among major industrial 


directories) size is shown by employment—a current and 
meaningful gauge. 


Conover-Mast 
Purchasing Directory 


205 E. 42nd St. New York 17, N. Y. 
MU 9-3250 





PRODUCT INDEX for this issue 


Components, parts and materials described im this issue's editorial and advertising pages. 


Key: page number only indicates advertisement; letter ‘‘e'’ with page number indicates editorial mention 


COMPONENTS, 
ELECTRICAL/ELECTRONIC 


Brakes—244e, 290 
Capocitors—79, 92, 218e, 298 
Choppers—204 
Clutches—182e, 244e, 246e 


Contact devices 


Brushes and brush holders—80, 255, 257 
321 


Commutators—290 

Contacts and contact points—288e 
Control systems—16, 149e, 188 
Cooling equipment—234e 
Counters—200, 268e, 27le 
Electron tubes 

Glow lamps—41, 202 

Receiving—228e 
Fans and blowers—209, 226c, 249e, 250c 
Filters—30, 218e 
Heating elements—323 
inductors—4, 218e 
Lights, indicator—218e, 303 


Magnetic components 
Bobbins and core boxes—303 
Coils and windings—231, 2%e 
Cores—187, 264, 286e, 309 
Permanent magnets—291 
Meters, panel—43, 177e, 300 
Microwave devices—220e 
Oscillators—220e 


Protective devices 
Circuit breakers—59, 254e, 268, 284 
Fuses—56 
Thermai—81 


Relays 


General purpose—47, 73, 81, 180e, 232e, 
239, 258e 


Industrial—27, 81, 89, 229, 262e, 287, 292 
Mercury—65, 198, 264e, 298e 
Minioture—65, 216e, 224 


Special—8, 180e, 216e, 235, 248, 254e, 


256e, 26le, 262e, 267e 
Telephone—65, 216e, 262e, 296 
Time delay—27, 81, 216e, 308, 311 
Resistors—27, 67, 220e, 244, 260, 275, 318 


Semiconductor devices 
Controlled rectifier—230e 


Rectifiers and diodes—\6le, 216e, 219, 
220e, 228e, 232e, 234e, 267, 270, 278, 


289, 299, 302 
Thermistors—307 
Transistors—1, 61, 77, 220e, 230e, 232e, 
270, 313 
Varistors—307 
Servo components—216e, 234e, 236e, 238e 
Solenoids—311 
Static switching elements—230e, 256e, 282e 


320 


Switches 
Controllers and contactors—27, 49, 54, 
73, 81, 247, 264e, 267e, 294 
Flow—220e 
Limit—248, 279 
Pressure—299e 
Pushbutton—27, 214, 296e 
Rocker—214 
Rotary—298e, 300e 
Snap action—35 
Speciol—218e, 248, 26le, 29%6e, 299%e, 
303e, 304e, 312 
Stepping—65, 181 
Thermal—177e 
Timing—49 
Toggle—214, 296e 
Thermoelectric power converter—178e 
Timers—36, 58, 200, 27le, 272¢e, 274e 
Transducers 
Accelerometers—216e 
Linear displacement—216e 
Rotary displacement—2\6e, 228¢ 
Thermostats—250e 
Tronstormers—30, 222, 250, 277, 312 
Wire and cable—73 
Bare—86 
Cooxial—237 
Hookup—73, 301 
Magnet—39, 236, 245, 265, 305 
Power—221 
Ribbon—28 
Wiring devices 
Cable clamps and clips—290e 
Connectors—inside back cover, 28, 33, 
218, 258, 293, 314 
Cord grips—315 
Cord sets—73, 183, 192 
Modules—51, 228e 
Plugs and jacks—264, 272 
Terminals—197, 238, 259, 263, 272, 297 
Terminal blocks—27, 220e, 249 


COMPONENTS, 
MECHANICAL/STRUCTURAL 


Bearings—40, 246e, 249e 
Bushings—238 
Clutches—244e 
Fasteners 
Bolts and nuts—221le, 292e 
Rivets—226 
Screws—221e, 273 
Governors—316 
Housings and enclosures—63, 315 
Knobs, handles—22le, 249e, 292e 
Mounting hardware—288e 
Panels—292e 
Plastics parts—22le, 249 


Pulleys—306 

Rings, retainer—304, 317 
Rollers—294e 

Shock mounts—22le 
Springs—294e 


COMPUTERS AND 
COMPUTING COMPONENTS 


Converters—280e, 324 
Counters—268¢e, 271 

Data systems—203 

Logic modules—218e, 278¢e 
Readouts—251, 267e 

Storage elements—282e 

Tape, control—216e 

Tape readers—216e, 285¢, 286c 


DRAFTING MATERIALS AND 
EQUIPMENT 


Lettering pens—37, 191 
Templates—37, 191 
Tracing cloth—256 


DRIVES 


Electrical—tnside front cover, 216e, 244e¢ 
258 


Mechanical 
Constant speed—228c, 311 


Variable speed—242e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplitiers—216e, 220e, 222¢ 
Calculators—228e 

Environmental chambers—305, 306, 310¢ 
Generators, electronic—308e 

Meters—23, 71, 222e, 233, 296 
Oscilloscopes—190, 314e 


Power supplies—179, 216e, 217, 22le, 227, 
256, 312e, 314e 


Recorders—76, 253, 316e 
Shock and vibration—306c¢, 308¢ 


Special test equipment—I84e, 224c, 2266, 
263, 274, 296, 306e, 310e, 318¢ 


MATERIALS, 
ELECTRICAL/ELECTRONIC 


Conductive materials—222¢ 
Insulation and dielectrics 
Casting resins—24, 29, 213, 315 
Elastomers—199 
Fabricated parts—(see: Services) 
Fiber—42, 57, 241 
Films—68, 119¢ 
Laminates—42, 280, 297 


ELECTRO-TECHNOLOGY 





Mico—185, 297 
Molding compounds—20, 50, 225 
Poper—259 
Pressboord—266, 316 
Tope—42, 91, 189, 213, 259, 279 
Tubing—62, 222e, 242, 288e 
Varnishes—46 
Magnetic materials 
Alloys—-212 
Quartz—53 
Semiconductor materials—222e 
Silicones—269 
Solder and flux—292 
Wire and cable—(see: Components, Elec- 
trical /Electronic) 


MATERIALS, 
MECHANICAL/STRUCTURAL 


Quality BRUSHES 


Adhesives, anti-static solutions, woxes—251 
Fabricated parts—(see: Services) or all FRACTIONAL H P MOTOR 
om ie 


Metal forms 
Clad—52, 86 
Spring wire—13 
Tape—215, 246 
Thermostatic bimetal—13, 53, 288 
Tubing—215 
Wire—193, 246 
Metals 
Alloys, general—222¢, 246 
Aluminum—74, 85 
Non-metallic moterials 
Felt—31 
Lubricants—222e, 286¢ 
Protective coatings 
Chemical—295 


MOTORS AND GENERATORS 

Fractional-hp motors—2, 45, 69, 194, 201, 
208, 216e, 223, 238e, 251, 304 

Gearmotors—2, 322 

integral-hp motors—83, 201, 205, 216e, 223, 
240¢, 251, 304 

Precision—Back cover, 22, 234, 236e, 281 


Special—5, 33, 69, 145e, 180e, 201, 208, | 


240, 240e, 242, 263 273, 293, 297 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—222 

Gas generators—52 

Layout fluid—273 

Marking devices—221le 

Pliers—-262 

Processing equipment—226e, 259, 279, 293 
Welding equipment—282 

Wire strippers—255 

Wiring machines—263 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramic parts—255, 261, 305, 314 
Coil winding—273, 315 

Metal fabrication—254, 285 

Other fabrication—90, 261, 307, 310 
Plastics fabrication—73, 249, 310 
Rubber ports fabrication—243 


SERVICES, MISCELLANEOUS 


Employment—14, 21 
Purchasing directory—319 
Transportation—87 
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for leading Motor Manufacturers 


for OVER 50 YEARS 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT « ELECTRICAL CONTACTS « GRAPHITE BEAR- 

INGS & SEAL RINGS + SLIDE & SNAP SWITCHES + ELECTROCHEMICAL ANODES « ROCKET NOZZLES 

WELDING & BRAZING TIPS « CERAMIC MAGNETS + FIXED & VARIABLE RESISTORS « FERRITES 
AND MANY MORE 
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GEARED 
MOTORS 


ALL 
KINDS OF 
MOTORS 


Shaded pole induc- 

tion, synchronous, re- 

versible induction, series universal, series re- 
versible, or D.C. shunt-wound motors. 


TORQUE 
FROM 

300 TO 

4 1N. LBS. 


Merkle-Korff mo- 

tors have high 
starting torques equal to or exceeding full load 
torques. No stailing, since M-K motors can 
start any application they can drive. 


SPEEDS 
FROM 800 
TO 1 RPM 
OR LESS 


With Merkie-Korff 

motors you have a 

complete choice of shaft speeds. You get “Cus- 
tom” motors designed to your specifications at 
mass production prices. 


MOUNTS 
TO FIT 
ANY NEED 


Here again Merkie- 

Korff provides what 
you need for a custom installation with ready 
engineered mounting facilities. Standard base, 
no base, ceiling mounted, right or left hand side 
wall mounting, vertical shafts—up or down. 
Right angle drives, multiple output shaft and 
electromechanical brakes are available to rneet 
your special requirements. 


MERKLE-KORFF GIVES YOU 
THE POWER YOU WANT. Merkle- 
Korff provides a wide range of speeds 
and torques in the F. H. P. field. 
These motors are husky, compact, 
long lived, and cost less per pound 
and for the torque delivered. 
Merkle-Korff motors have these de- 
sign features: 

1. Maximum starting torques to start 
machines from any point in the duty 
cycle. 

2. M-K motors are smaller in size and 
occupy approximately one-half the 
space required by other designs of 
equal output. 

3. Precision, heat treated, hobbed 
gears sealed-in-oil. Dirt can’t get in, 
oil can’t get out. 

Investigate now. Our application en- 
gineers will help you find the answer to 
your F. H. P. drwe problems—without 
charge. 


. GEAR COMPANY 
Dept. No. 211 
211 N. Morgen Street 
Chicage 7, Illinois 
PHONE: MOnroe 6-1900 


owemckomms MERKLE-KORFF 
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AMP Incorporated 

Adams & Westlake Co., The, Relay Div 

Air Express Div. of Railway Express 
Agency 

Airpax Electronics Inc., Cambridge Div 

Akron Porcelain Co. 

Allen-Bradley Co 24 

Allied Research Products, Inc 

Aluminum Company of America 

Alva Allen Industries 


American Cyanamid Co., 
Resins Div 


American Electronics, Inc., 
chanical Div 


American Machine & Foundry Co., Pot 
ter & Brumfield Div 


American Stock Gear Div 
Gear Co 


Amersil Quartz Div., 
tries, Inc 


Amphenol-Borg Electronics Corp., Con 
nector Div 


Anaconda Wire & Cable Co 

Anderson Controls, Inc 

Arnold Engineering Co.. The 

Arno'd Magnetics Corp 

Arrow-Hart & 
The 


Plastics 


Electro-Me 


Perfection 


Engelhard Indus 
s> 


Hegeman Electric Co., 
83. 


Automatic Electric, Sub. of General 


Telephone & Electronics 
Automatic Switch Co 


B/W Controller Corp., The 


Baker Platinum Div., Engelhard lIodus 
tries, Inc $2, 


Belden Manufacturing Co 

Bell Telephone Laboratories 

Biwax Corp 

Bodine Electric Co 

Borden Chemical Co The 
Dept 

Brevel Products Corp 


Bristol Motors Div. of Vocaline Co. of 
America, Inc 


Resinite 


Brush Instrument Div. of Clevite Corp 
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Buchanan Electrical Products Corp 249 
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entury Electric Co 82, 83 
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Dialight Corp 
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Dow Corning Corp 24, 
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of Fairchild Camera and loasrument 
Corp 
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Film Dep« 

Durez Plastics Div., 
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Dykem Co., The 

A Sub. of Sprague Elec 


Hooker Chemical 


Dynacor Inc 
tric Co 


ETA Products Co. of America 
ETC Incorporated 


Eagle Signal Co., A Div. of The Game- 
well Co 


Eastman Chemical Products, Iac., Sub 
of Eastman Kodak Co 


Elastic Stop Nut Corp. of America 
Electrix Corp 
Electro Products Laboratories 


Elgin National Watch Co., 
vance Relays 


Emerson Electric of St. Louis 
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Quartz Div. Baker Platinum Div., 
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Enjay Chemical Co., A Div. of Humble 
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Amersil 


Fanstee! Metallurgical Corp 
Freed Transformer Co., Inc 
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Furnas Electric Co 


G 1 Semiconductor Div. of General In 
srument Corp 270, 
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Chemical & Metallurgical Div SA 

19, 

Magnetic Materials Section 
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IBM 
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to heat? 


VULCAN 
TUBULAR 
HEATERS 


Vulcan Tubular Heaters can be 
formed into an endless variety of 
unusual shapes to provide a lot 
of heat im a little space. They are 
easily cast into aluminum or other 
metals. They are ideal for immer- 
sion in liquids, soft metals or 
molten salts. Straight tubular 
heaters are readily clamped to 
metal surfaces or inserted in ma- 
chined grooves. And they can be 
furnished with flattened surface 
for even more effective heat 
transfer. 

Vulcan Tubular Heaters are 
available in a wide choice of 
lengths — 10” to 185” (special, 
shorter or longer); diameters — 
.250”; .280*; .333”; .450”; .496”; 
.540"; wattage — 10 to 10,000 
(or higher); voltage standard 
120, 240 or 480; special 6 to 600 
(or higher); sheaths — copper, 
steel, aluminum, high tempera- 
ture alloys. 

Write for catalog and prices. 


VULCAN ELECTRIC COMPANY, Danvers, Mass. 


Circle 342 on Inquiry Card 





This printed circuit disc is the “face’’ 
of a clock that tells time in digital code 


... OF any code your computer, control system, or data proc- 
essing device needs to keep it properly in touch with the 
world of real time.—A. W. Haydon is a company of infinite 
variation when it comes to such analog-to-digital converters, 
or ‘“‘binary encoders’. Time periods range from seconds to 
weeks. Sizes range from miniature to large. They come sealed, 
enclosed or open, with AC, DC, or pulse drive, and with an 
imposing variety of accessory equipment.—The model shown 
is for commerical use. It provides a discrete signal for each 
two-minute interval over a 28-day period. It is used, among 
other places, in an automatic parking lot ticket computing 
system.— This and several other time code generators are 
described in Technical Brochure SP9-2. It's yours for the ask- 
5 = ing. Similar solid-state devices can be 

¥ supplied by our Culver City, Calif. facility. 


PRE MGT SETTER 

COA DA AY 

‘ Oh { A mat 
234 North Elim Street, Waterbury 20, Connecticut 


av 
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BY PERIODICAL PRESS CoORF., PRILA. 40, Fa 
ELECTRO-TECHNOLOGY 


Are You Making the Most 


STAM CCEA hY 


of These Reference Tools? 


If you fall into the pattern of the typical reader 
of this magazine, you make it a practice to file your 
copy for future reference, after it has “made the 
rounds.” 

But are these carefully preserved _— really 
working for you as reference tools? When you 
need to check back on some pertinent article or 
ad, can you quickly lay your fingers on it? 

If the answer is not a positive “yes,” here are 
a few suggestions: 


1. Start a card-file index of feature articles by 
clipping the subject-classified annotated references 
which appear each month on pages 6 and 7. 

2. Keep handy a copy of the Annotated Editor- 
ial Index which includes the subject classification 
coding system. (Copies of the 1959 Editorial Index 
are still available. To get one, simply circle Num- 


READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed ia the United States 
POSTAGE WILL BE PAID BY 


Electro-Technology 


205 East 42 Street 
NEW YORE 17, N. Y. 


ber 915 on the Reader Service Card.) 

3. Refer each month to the “Product Index for 
This Issue” which you will find on the p just 
ahead of the Index to Advertisers. Note thet this 
index covers all components, materials, equipment 
or systems that are described in either the editor- 
ial or advertising pages. 

4. Use the Reader Service Card regularly to re 
quest file copies of feature article reprints or the 
helpful new literature offered on advertised prod- 


ucts, 

5. Order a special binder to preserve those 
truly invaluable reprints in the Science & Engineer 
ing series. (There is a handy Order Form on page 
210 of this issue.) 

Further, the publisher would appreciate any 
suggestions Page may have whereby these services 
may be made even more useful. 
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Reader Inquiry Service 


ONE Reader Inquiry Service post card—king e@ Advertised Products 





size for legibility—will bring you additional in- Want more information on products advertised? 
formation regarding anything published in this Circle number indicated for each advertisement. 
issue. That goes for both advertising and editorial 
pages. Reprints of Editorial Features 

Each editorial item and advertisement has been * . se : 
assigned a key number. Corresponding numbers Article reprints available without charge oe listed 
appear in the respective grouping of the Reader on page 206. For Science & Engineering reprints, 
Inquiry Service postcard below. See Order Form on page 210. 

Simply circle the numbers that apply to specific 
items in which you are interested. Your informa- © New Literature 
tion requests will be forwarded promptly—within Latest catalog and bulletin offerings starting on 
48 hours of receipt of card. To expedite, please page 216. 


print or type your name and address. 


@ New Components and Materials 
Cards will be processed by Publisher Reviews of new developments starting on page 
if received by January 1, 1961. 230. 
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NEW C 596 636 656 676 696 736 | NEW LITERATURE e32 es2 
501 520 538 556 577 597 617 637 657 677 697 717 737| 756 775 794 813 833 853 
502 521 540 559 578 58S 618 638 656 678 G98 718 738 | 757 776 795 814 834 854 
503 522 541 560 579 599 619 639 658 679 698 719 739 | 758 777 796 815 835 855 
504 523 542 561 580 600 620 640 660 680 700 720 740 | 759 778 797 816 636 856 
50S 524 543 S62 561 601 621 641 661 681 701 721 741 | 760 779 798 817 837 957 
S06 525 544 563 S62 G02 622 642 662 682 702 722 742 | 761 780 799 818 838 858 
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502 S21 540 559 578 598 638 658 757 776 795 814 834 654 
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508 527 546 S65 584 604 624 644 664 684 763 782 801 820 840 860 
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514 533 552 571 590 610 630 650 670 690 769 807 826 846 866 
515 534 553 572 591 611 631 651 691 770 808 827 847 867 
554 592 632 652 682 809 828 848 868 

555 593 633 653 693 829 849 869 

556 594 634 654 694 830 850 870 

$57 595 635 655 695 831 851 871 
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HUGHES “VEST POCKET’ AIR DEFENSE 


and STAPIN’ 


A highly mobile electronic air defense system insuring nearly instant 
destruction of hostile aircraft by coordinating antiaircraft missile 
firing at split-second speeds has modernized the field army's air 
defense capabilities. This ‘‘vest pocket’’ air defense, mounted in 
standard, heavy duty 2'/,-ton Army trucks, is another high-quality 
development of one of America’s leading manufacturers of military 
electronic systems, the Hughes Aircraft Company. 


This air defense system's complex circuits are interconnected 
with Burndy HYFEN and coax STAPIN connectors. Contacts are tool 
crimped on wire ends at the workbench, then snap-locked into in 
serts on the job, reducing time and skill required to install and 

ring dependable connections of measurable quality 


HYFEN-type connectors like those used in the ‘vest pocket" air ' 

r n > it > in latic s ancinaer 
defense system have pins and sockets tool-crimped on cable For HYFEN and STAPIN units and installation tooling engineered 
ends, snap-locked in inserts with wide range of configurations to your connection requirements, contact: OMATON division 
HYFEN and STAPIN inserts are mounted in panels as required 


a7 UJ b= Fg > 4 


NORWALK, CONNECT. e BICC-BURNDY Ltd., Prescot, Lancs., England e@ in Continental Europe: Antwerp, Belgium e@ TORONTO, CANADA 
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500 HOUR LIFE GUARANTEE 


nproved brush design, CPPC size 
fy t atalogue specification after 
nuous duty or « 


ntr ed envir 


bar commutator (14 dia.), stain- 
ess steel ball be: and corrosion resistant 
naterials, the DC-8 family of motors is designed 

niature instrument systems. Weight 40 gms 


nax dia 750” 


> 


OUTSTANDING EFFICIENCY 


The typical performance 

near torque-speed characterist The efficienc 
ip to 60 at 2510 z. torque onsiderably 
passes that « ther type f Servomotors 


without overhau 


Pe ee al 
wee mw eP me + tome 


For full information, write or call: Sales Dept., 5050 
State Road, Drexel Hill, Pa., MAdison 2-1000 
TWX Lnsdwn, Pa., 1122(U), or our Representatives 


CLIFTON PRECISION PRODUCTS CoO., INC. 


oF Ff Oo WN H EicacgHt TF s. ; 


ENGINEERS— Join a pioneer in pin rotary components field. Write sade “ Brown, Director of Personnel. 
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